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‘THE SCOFE AND MEANING OF THE 
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(2) What ate the social imects ? 


(2) Can they be shows to bave had an evolution ? 

) Tf s0, what are the pecaliartties of this evolution, 
‘aid to what methods must we resott fr thelr 
lacidation ? 

(© To what groeral canses or condition: may we 
‘sign this evelntion ? 
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en ieacre a 
irae RET 
i ee 
“vocial” is easily explained and may be condemned 
et condoned acconling to the general philosophical 
pia Bhd oii 
that in the dixcumion of matters prychological—end the 
in question are in part prycbological—we can 

[xray avo, co encact of enaueponarpon 
“een peg ee tate 

vat 

unsatisfactory attempt, in « tome of 420 pages, to clusaity 
See reeeeeeneee 
Soo ae 
‘difiment categories, fifty-three of which are represented 
can eames 
‘names, mostly of Greek derivation, some of which, like 





tons, in which the congregation of the organims has 
1o intrinsic value, ie, server no umes! parpose for tha 
individual, und emestial societies or associations, in 
which the congregation bes an intrinsic value of tub- 
serves in part a ussfol purpose. Each of these Jeading 
categories Is subdivided according as the aseccistion 
comprises individoals of the sam or of diffeeat species 


the main groups 
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stoned it, ao that the latter appeared to be exceptional 


and in need of a special explanation, At the present 
‘time one might more properly require an explanation 
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This is, indeed, « bological law 





‘medium {s the condition necessary to the conservation 


and renewal of Life. 
‘which If not uniform is at Jeast constant, so that each 


‘which it will be expedient to elucidate, Moreover, 
from the lowest to the highest stages in the series, we 
detect in the development af social habits 2 progression 
zoological group carves the perfecting of these habits 
1s Tittle farther in one or another duection, Finally, 
tocial facts are subject to laws and hese are Uhe same 
everywhere where suck facts appear, so that they 
conatitwte « considerable and uniform domain in nature, 
1 homogenevus whole thorooghiy integrated in all its 
asked to point 
itary cama, we Sond seat 
thes in the tropics, 
ecedly gran 
Panama, Me. 
‘the habits of 
Jacgest 
iephale amsper, 
‘builds ita webs 
‘Giferent fe 


‘tne in their ives immersed to some cociety ; the social 
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‘These webs are three to eight mches in diumeter and 
made of very even square meshes, of the size of thoae of 

ito netting, but consisting of exceedingly deboate, 

ilk. The Cyrtophoras rest on the lowes, convex 
vurfacea of these webs. Individuals of all agus lve 
together amlcahly and seem to feed fo common on the 
prey that is caught fn the wobs, but tbe adolt females 
25 mom. long), which are gray, with large, pated, silver 
spots on the dorsal surface of the obdemen, are uraally 
ew So number. The egg-cocoons are eliptcal, about 
43g to 20 mim, long, made of rose, course, gray green 
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dik, und are suspended vertically is or sear the ceoter 
vf the whole structure. They vary from ane to five in 
‘oumber and are attached to one asother in a series, 
90 Ut they resemble a string of minute aamagea, The 


wrlled structures. Ona pole of the capele fe prolonged 
{ato & atid stem, or pedicel by which the capmalz is 








= ; 
conception, though not devo of intresting ponophical 
‘implications, thus becomes very vague I should prefer 
for the purpose of taking the fatter mare concrete and 
inteligible, at leat in the binlogial eld. to regard the 
“"tendanoe asocative" ts an” appettion in the 
sense in which that term bas Deer empoyed By the 
French thfker Foullde aod ‘he Briish and Americas 

ts Drever (1917), Crag (cp) and Thastone 
(2924). It thus takes its place with the other appetitions 
{ie hunger and sex, thoogh iw tebler, moce coxinaona, 





‘bat it will be advantageous to marrow the conception 
stil farther by the introduction of other conswderaticns, 
it-we are to make any use of it in the very special $eld 
which 1 have marked out for trestmomt in these lectures. 


" ‘THE SOCIAL INSECTS 
tiganimounly adaitted that all insect societies worthy 
of the name, and 20 matter hew popaious, are fafilcs, 
ice, alfliations of the perents and, in mort cases, of the 
smother aloe, with the adopting. Tas view i aboot. 
stly supported by the study of the ontageny of esting 
insect sociaties ond by sucb fragmentary indications 23 
‘we can obtain In regard to their 

"Taare bas evidenty ben 2 very long evatution through 
mumeronn tages of canatantly increasing inthacy ‘of 
the mother with ber progeny from the most radimentary 
tage of compete or almost corpleteindMference to ont 
of mutual and abiding co-operation. We may 
struct, «rach a secns a the following, without stopping 
to emmerate concrete examples, many of which will 
At occe occur to you. 





(6) She supplies her engs with » protective covering. 


(©) She remains with the eggs and young and protects 
‘and coutinsouly feeds the letter with pre- 
‘pared food (progressive provisioning). 





is primarily though 
‘Increased interest on the part of the mother in the later 
instars of ber offspring and is, of course, made possible 


‘a eit 
fovoren"" At the ress! dey we eal ot om, 
‘tum to «shady of the Anthropoids fot light on the 
remote and mebolows origins of the homer family. 


i obvious, however, that no mere lengthening of 
‘nfaney acd childhood would be of value without & pre- 
ceding ox concomitant lengthening of the adult life 
of the ns 
the 
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longevity merely gives the parent the opportunity for 
sssgociation with its progeny, but done nat account for its 
Interest in the latter or the care expended on their 
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‘Tt seems to me that the decrease in metabolic activity 
‘which, according to Pearl, might be suppoted to increase 
the adult life-span, cepocially of the fertile females, 
may be due to the fact that all the subsocm! and socal 
‘insects tive in small cavities of the so) or wood, fo hives 





they are very shugglah and tend to lote the powers 
fight (Mclipmine} or even the wings (ants end 





LIST OF SOCIAL AND SUBSOCIAL INSECTS 
Counorreaa 

1. Sihanidar (Coosidotzopius, Buneusibive) 

4. Searabande (Cope, Minotisrat). 

3 Passahde (Pasealss, etc). 

4 Tencbriomda (Phrezapates). 

5 Ipide (Kyledorm, ete). 

6. Phatypodsde (Phatypos, etc). 
‘Hynemworren (Acwlaald) 

. Baligida (Scleroderma). 

Mesarding (Coramares. 

Eumevina (Synagris, Odyneres). 

3. Zethines eta) 

. Sunopestrinee 
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I first observed during tha sommer of 1920 in British 
Guiana will have to serve as a parsdlgm of the whole 
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‘These beetles, which Messrs. Schwars end Barber have 
named Coccidtrophut socialis end Ewnasibint whasari 


(Pig. re and 8) are fess than a quarter of an inch in length 


a tare Jong. sande, sbcyindseal, eo chet 
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‘Aculeste Hymenoptera and the Isoptera.  Fottan- 
lately they have bean stadied so intensively and exten- 
sively and by 20 many investigators that we can draw 
0 a very considerable body of accurate observations 
and experiments. 
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from the Upper Oligocene of Fiéceheim end the hills 

cf the larger Attine ants which Brenner {xgoo) believes 
te seein weft of HL Bish 

os 
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parative aastomy and ontogeny of existing 


(a) The comparative 
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y. ox brotaxy, based very 


data. of 


() The vast accumulation of codified and classiiad 


Jrgly on the external morphology of exatang 


) The data of the geographical dittribution, or 
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biogeography of exleting and foul species, 
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‘hel fondamenta stractara ud belariourstc charactnea 
in response to an cuviwoament kr that of other nom 
nodal insects, But the of permanent 
social ving has created « new and extraandinary eaviron 
smut, contizsoas multtenflesial to wach bas 
‘Prodced certain new characters thet have come to 
edify, overlay aod sometines to satsk the original 
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‘expt 
level” in the sense of Alexander (2pa0), Sellars (3922), 
. Lloyel Morgan (xga3), Packer (1924), Whecer (1936), 
Scoute (2926) and others. 

Tn conclusion, { may ecumerate very briety the 
subjects of the subsequent Joctures, which are restricted 
‘to the truly social insects belonging, ax we have seem, 


‘the ninth T propose to discuss the reciprocal activities 
or intercommanication of sticaub and food {trophallaxis) 
amang the socal indviduals nd inthe tenth and eleventh 
lectures the various types of parasitism that have 
developed ont of this reciprocity, both anion the social 
insects themselves and between thems and allen tasects, 
Ia the conchding Iecture I shall indicate the probable 
course of future development in insect societies or their 
{ate on x planet, the natural balance of whose faunas and 
floras i being rapidly ditued by © mach younger 
and more powerfal social arimal—ran. 
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‘ACULEATA 


‘THE ORIGIN OF THE TEREBRANTIA AND 
are confined nat ouly to single order, the Hymenoptara, 


‘Wrmm the single exception of the termites, all the groupe 
of realy social insects recognized in the preceding lecture, 
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at 
‘bracing many hundred gecera, The order ie, therefore, 
next to the Coleoptera, the largest in the class Hexapoda. 
‘That snch an arder should have been very unevenly 
investigated notwithstanding the host of talented 
‘eutamalagists who for more then 2 century have devoted 
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phyta, or Chalastogastra and bave used the terms 
the 
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‘und habits the most primitive and most nearly auceatral, 
the Aculeata the most recent and most highly specialned, 


Paeudonivex from the (Main of Soleuhafen 
Bavaria apd Lower Purbeck of England), « 
‘Terebrant (Ephualtes ‘Meanies)’ from 


‘poorly preserved that it aught be refered to any ove ot 
several existing fomilien. Handirech regarded st as an 


® ‘TRE SOCIAL DYSECTS 


Uchnecmonid, bot Profesor CZ. Brows has soggested 
‘to me that It ts more probably a Chall (Caliczzme ?) 
oe 8 Brood In ‘Martynov described four 

from the Jurasulc beds of Turkestan, vis, 


‘own researches upon the Neuropteroidea and Panocpeiden, 
au far ax they have gone, have convinced zoe that these 
‘two subclasses have a great deal im comuon. They 


Symenoplers by Tyas recent exe (184) 
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rs 5 Prats prone [Sha re Seg. eth eed fom 
ecm taal ate Loser oman bck fama Ciserh hit) 


ior 


ven the colnmr-pattera is Visible. Atsong the suatcrial, 
which has ts far yielded a new order, Protodemapters, 
& pocnlias Palmodictyoptaros, Dubaras fexichfennis 
‘Tily, ‘many Epbemends, small cockroaches, large 
Protodouata and truz Odonata, Tilyerd has discovered. 


iymenopterh 
‘Protohymen and Permobymen heve s distmct pterostgma_ 
‘out thin structure licking in Aathenshyen, “TRE 





4 par of carer, but wathout ebgomunal prolgy, "Yuasa 
(1g22), however, regards an erucorm larva wih tm. 
pain of abdooiaa! prolege as the archetype This 38 
spproached bythe Kye ond Tented, fn the 

Cephide (Middleton 2927), Xiphydnidae 
Etats fon) to cian poly ber 

‘and the thoracic legs are much reduced 
‘The Cephid larva, however, retains eyes and octa. 
‘Fazal in the Oryssida all the thoracic ané abdominal 
‘appendages bave been lost and the larva jo vermiform 


2 roc gand accounts of ene Dats a PampuondemneH Scmdt 
(eu) RC Seen 
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ke that of the Terebrantia This condition is 

‘by the fact that the larva of Oryseus, as Barke (1907) 
‘has recently shown, is parasitic oa the larvan of various 
Buprestid beetles." (Ser also Rohwer and Cuthman, 
1917 end Comstock, 75243) 





Prrvooewane Than mrcarina ie raonises APTaN oF TE 
"aniocn nausea on tax Tesrurnorercoea (AN? Tuam) 


‘There appear spocadicelly among the Phytopbaga 
ete steric prea witch, bectme, 
ttrngly coomtesed tad more thy dtd among 
the Tercrenta and Acceata "T Deve at add 
{ie pauselin of Oryeeny tn any Taos ea bt 
aberdee and “Coady toedadoving, the. waiver 
course ‘of the. puecomace, ia ihe Tesora 
‘Trough al Poytophaga ere vegeanan at laren, fhe 
saat of se af tha eorfics Spay of Oe pate 
‘Tenthredo and Tenthredella (Mrizek, x909, Rohwer, 
agra, and othe) are decidedly | entomophagous, 
Eequnney sang the Tecicaste and Access, ems 

— ee 
folie welotbinbed. the Tesihedande, "Ee 
‘ase of nan) pera mck str hn the male 
‘According to MacGilivray (xpi), von Sebold found 


sexes (ampherotocous), So far ax known, snd with some 


exceptions, the unfectilind egys of Terebrants and 


‘Acaleates produce oaly males. “Gregarious and sub-ocial 


Iatnts ore roquent inthe Tentiredinide, eapecally 


uring the larval and pupal stages, but for Tack of time 
cannot be adequately treated in this lecture.” 
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‘the Terebruntia bas separate apophyses and 


an 


Seponiting the eggs in or on other insects or 


(Eon wharens Ur he ‘Acute ta the epee 
fused and is modified to form u sting which is ured as an 


organ of attack or defence and cot for oviposition. 


fare exceptions, however, sce the Sapygide, 


i 


Jick ere placed among the Arlee, we the rips 


‘tha ‘Terebrants, and the Trgonalide, which are 


by most hymenopterists to the later sub 
order, have the ovipositor so greatly reduced that it can 
of no me fs oviposition. “There are also a number 


be 


sated 


of Acuioeta (Chrpsidide, many ents snd scone bees) io 
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Hymenopterists ages in regard to the phylogenetic 
derivation of the ‘om primitive Pigto 
phage ood ix the belied thet Terebrantia kre mote 
ftimately related to. the Phytophaga than are the 
Acnisata, but disagree as to which family of Terebrantia 
4s the moat primitive aod as to whrtber the Aculbata 
rose from Terebrantia or had en independent origin 
runomg the Pytopiuga. Handlinch (1908) roparded 
‘the Ichneumoaide as the most primitive group of Tere- 
‘brantia and es having given sue to the Aculeate. Bruce 
(Cigar rejects tha ew 20 far aa ft concerts the origin 
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sce, tht exept of Ue ales (Cy) 
and cettn planting Cols al Ser Tee, 
Deantinoviposit on or in Sher imects ig.) and co 





" degeoerative” efects of the asscistion, They a7, 


made to embody these dstictions a aterm.  Peeudo- 


‘toida” for these pecuilar and I (1923) and 
more recently Root (xgaq) have employed this term, It 


AKatinction at clearly wederstood there can be no harm 
in such uaage, bata should be noted that tas naturally 
cermted, confusion in plrylegenetic discmtons, and 
‘particulary tn coonection with Handlrsck's éecration of 
‘the Acolenta from Terebrant ancestors. The phylogenist 
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deucribed the male Nomadmme cieendone from a ypecimnen 


have 


taken by O. Dreher in a mast of Polya dimadala at 
Sio ani, Prva | From ten fcis Shu conetded 


aon 
Hunt i 











‘THE TEREBRANTIA AND ACULEATA 39 


fa metalic geen Bacharld (Orauema sends), winch, 
judging fromm disacetions of the female, produces an 
enormous number of very eaisute eggs. Tdi not see 
the ears atter oviposition but emly the munnte, artive 
fist-inge larve (Fig. 64}, whach are about 0.16 mm. 
long, dark-coloured, with beavily chitinioed docaai 
surface, well-developed eed, thirteen postepbabe 
begins sad «eo sprog (cr) ste poster 

‘which I subsequently called 

{Suid tach ‘monn tthe mechs fe et 
lurve and pape (Fig. 63 to 7) and alter feeding and 
moulting, pass into x stage coroparable with the vsoal, 
phunp vernifons Hymenopteran tara. After attaining 
‘hear full growth they papate on axis (Pi 6c), without 
spanning conoons, drop trop: the hast and soon afterwards 
emerge as adoit Orastmas, which art carisd aboat 
and fed by the ants but eventually escepe from the 
‘est to the outeite world. 

‘A notable advance m our knowledge of the planidium 
tod ats development wes later made by H. S. Suuth in 
fis studies of Fenlampas (igre, 1976, 2917). In bis 
‘inst paper he showed that the plandiam of F. byaleew 
(Fig 7) w sometines found crawing over the surinoe 
of somall web-worm caterpillars (Hyphunine fexer) and 
that it bores ts way into the caterpiller und doce oot 
‘undergo any further change flit encounters naide the 
host the larva ef one af ta common parasites, je ether 
‘ths Techimd Vanchata aléncls (Fig. 8) or the Iehnes- 
monid Lamsenam valde In case the plonidiom 
encounters « Variheta maggot it enters it, ever if it 
‘ very emma, and remans quescant til the maggot 
form its popartim. If x Limnerira brva is encountered 
the planidama exters it, and remains inuctive til the 
following spring.“ Varichata pupetes im the fa 90 
the planitium makes its exit at this season of the year 
snd bibernates exterzally. Lumnerizm sakdum ibero- 
ates tsa lxve und pupates in the sping, hence the plant 
dium io tha case reioains internal cxtil sping, when 
it exerges by means of its eiciont mandibles end spined 





Mare 


‘ttached to the Chrysops egg;stalk 1s sure to 
‘Australien balidog ant (Myrmns forfecta). 
‘recently Broas (1gig) bas described tbe planidium and 


Teach its proper host, wiale those wpoa the surface of 
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long egg-atalk to overcame the cannibalistic propensities 
of ber progeny 1s sn thas case thelr undemg, mince the 
Asaf are quite 23 Likely to attach themselves to an 


niother Chrysopa in plcing her eggs at ths ond of a 
‘Aphid or other insect". Saullyan (x9r6) has, n fact, 
found an adait Zuchans syrmacia in = cocoa of an 
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Inter Jarvel and pupal stages of Poslogsser foacitnenins 
taken by Tilyard from cocoons of another balldog sat, 
Myrmeces gulous, and G. C. and EH. Wheeler (x90) 
hve described ‘Scheayndes folyrhackada from the 





and 


leaves. 
Camponotus workers attending the plant lies and 
‘visiting. the fruit of the trees and attach themselves 
to the hairs on the tarm of the ants (Pig. 20%). They are 
‘thus carried into the ant megts and pass trom their 
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ieately 31 exonth 
Egg stage =. sppeoximately 3 
Fist lnval stage 2 

Second larval stage 

Third larval stage. 
Pupal stage |. 

‘Adu (mithin cocoos) 

‘Adult (outmde next 








Grasama are Jail in the ant-nests. 
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‘though it does mot, of course, prove that the eggs of 


‘After this review of the complicated development of 
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THE TEREBRANTIA AND ACULEATA 45, 
‘bes if we may jodge from the archaic habitus of the adult, 
of & more primitive and more generalized type than tht 
phusidia of the Chakidcids above described. Perhaps 
it actually bus thoracic legs asd would, therefore, be a 
true triungulin. The striking resemblance both 
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Some authors have tala the latter view, Beoes (19:92) 
‘expresses this very clearly when be says, "it is evident 
{hat the plaldlum aod tragulin have Deen interpolated 
in Gu larval development fost as the whole larval stage 








a ‘THE SOCIAL INSECTS 


‘onaection. The future study of the very nely deveiop- 
‘ment of the more primitive families each as the Stephin- 
ie, Bvinidde, end Megulyride may have some ‘ater. 
cating dlgclonazes ia store for va" 

id time permit it wonld be intereting to trace the 
smermig tention bated by ie Sele Teck 
on her ofispring tyatropbay 
to the evtrophaptic condstion. Even in the last there 
fare two phases, ove {5 whlch the female makes no arst 
Dat vk out the bost or prey and lays the ogy on orn it, 
‘and anotber in which the female makes « nest and provi: 
sons it with prey or food for the young. The former 
rethod is characteristic of most Terebrants and of soca 
‘Acaietes. The female may even enter the water 
‘0 Gcd the prey or host. The known cases of this singular 
Dehavionr, exhibited ‘by several diferent groupe of 
‘Terebrentia have been briedy reviewed by Bruss {rsar, 
B. 152). "Jn several well-Enown canes, the behaviour 
of the admit parasites has become 20 profoundly modificd 
‘that the females not moby enter the water an search of 
their hosts, but they may be occaskaally st last, xccom- 
pemisd by ths males. The frst cbservation of this sort 
‘was made nearly 4 century ego by Francs Walker 
(1836) on Agriotypas, and the wellinown observer 
Sk Tohm Labbock (183) later guve an account of the 
Ihabits of ¢wo Chale fies m which ho descnbes the 
setual process af ryemming. “One specu, the Myeaarid 
Catephractes cvectur makes we of its ciated, paddle- 
shaped wang fer this parpow, wlle the other, Trisho- 
(goummid (Prushnchas aquatica) propel tse! by means of 
the legs. Nameroas other contribotions, notably those 
‘of von Sacbolt (1898), W. Miller (1589), Marchal (1900), 
Rousseas (1907), Heymocs (1908), Schuis (19074, 29108, 
ror), axd Matheson and Crosby (tora) have added 
much of interest, not omly in bringing to ght aquatic 
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roca of weve tame, ot io determining some 
Sow ine cd so aquatic Hie & or bo pete 
Gaus the cbaptionfo nate sot’ proto 
{Setaee fort mented, tbo veal eter epee 
sr knw to es ely ing he he eg 

‘modibctions adapted to" nach 
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ng Ge ects 


supposed to be derived from Terebrant anceatre though, 
‘others would derive both groupe free» conation oF closely 
lied hypothetical forbears among primitive Phytopbaga. 
Whichever view we accept and notwithstanding the 
fact that ih Tarbes ae ecg ft eget 
siagve 8b coated ie 8 
“tbe Sane 
fot gamepad io 


Tectare 
to 

‘modern thors imite 

Glnogutn, aed tht ts” Acs ee ly 


BH 


(2) To certain Terebrants the ovipomtor may act 





Dlowhy larvae by Alyse monducator Ins been 
‘carefully studsed by Altson (1g20) aod Myers 
(927) 

(3) It in welbinown that some Terebrants Jay their 
‘eggs mthin the body while others lay them 
‘on the tustace of the prey, tut that the Inttar 
method alone in employed by the Acuieates, 
‘with the exception of the Drysnide Several 
authors and more recently Picard (1919) have 
called attention to the fact that extemal 
‘oviposition is emplayed among the Terebeants 
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ervipoaits 
‘duireaformis). Tt has also been observed by 
severol American entomologists in Tetra- 


of the (Criocoris asparags) ; 
by Saunders m 4; ipennis, which 
(paruaitves tha scale Aspulsctus rapas (Howard 


= by Doton (2912) in Paoro- 
malua puparams and a species of Meraforus, 
aa parasites of the pupe of the cabbage- 
erty (Pare rapa) 00d in auroracon 

asa parasite of the mealmoth 
‘{Piphonia hedmuli) by Roubaud (917) a0 
Nasonta breescorms ovipomts in. the 
Puparia of Mnscids; by Lichtenstein (x982) 
an the Chaleld Habrocytua cromerta which layn 
its eggs in the pupae of a weevil (Comms 
taps); by Trouvelot (rgar) in the Braconid 
Habrobracon johansson, by Whiting (1941?) 
is H. Erencorass which attacks the meal 
worm; by Caffrey (1921) in Anaslatis 
semoflandus, an egg-parasite of the moth 
Harmilsuce’ ola by Balfour Browne 
(agaa) and Prard (1923) in the Chaicid 
Mahtioha acasia which lays its aggs on the 
lurve and pupe of a great vanety of Hymenc- 


through the cocoon of the Beetle and the 
space between the cocoon and the papa and 
Into the latter. It leaves the organ ia this 
portion for half an hour whale = secretion 
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smnjorty of the Istter depart from the Terebcants, fret, 





acceptable to the American hymenopterits, 1 am 
myself inclined to prefer Handhrsch's clatsifeation $0 far 
ast retasss many of the old Latreillean groups, thoagh 
‘some of the latter obvaously regoize modiécation. The 


spats, since ‘hey have been placed by Borner end 
Hondliach aod many hymenopterits befoce them 


ite 
i 
i 


i 
I 
f 
4 
t 
t 


sextant Acnicata are highly specialued and that most of 
‘hem cannot be derived from oce another. ‘There ore, 





Proctotrypoidem 
Brues (rgtod) notes the relationship of the Bethyhde, 
‘eso hs Ape td te Sega 
aus Mystzocoemia to the Tiphide and Ashmead's 


sboleméde are an ancient group related to the forms 
from which the Proctotrypoids wre desomided. “Bradwell 
{oper} sega the mlatzonop of he Bethe to the 
‘purely superficial but those of the 

Senile "cod Garyiad “or memmently tral" 
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‘Bécnex (xgr5) places both the Bethylde and Chrysididae 
‘among the Texebrants but regards them as being connerted 
by the Cleptiden Brnes (2942, 15232) noted the reeem- 
blancs of the gems Algoclla {Apteropompihs), which 
ferme to be a Bathyid, to the Asthoboxde (Girolo- 
‘morpha) and the Muti, and described fram the Baltic 

tar rule: ges, Plesbehyi, which strngly 
reecmbles the Ampulicde, expecially Rhinopss 
Eph (ne) snes he cae es ti dot ope 
family in the Aculeata but Bradley (Comstock 7924) 
interoalates the famlly Bethy between the Formicidae 
fod the Vewpidie and the family Dryinide: among the 

‘after the Ampubcade 

‘The family Rhopalosomatide deserves discussion on 
scout fs noe pti fs Ge eatin, Tk 
consis Iknown species end genera, 
tn or orang rom hr hey aya end 
Missouri, Panucomims elengenana in. South Acica, 
und Hymmohimars sbmormet in India, ‘Wood (rg13) 
iscavered the larva of Rh. foes attached to the third 
abdominal segment of ax active jumpiog treeencket 
(Orochares sitet) os Phares’ Ishand, near Washington, 
D.C. The adult Rbopaloscmsa is nocturnal and closely 
resembles in coloor and the texture ofits mteguovent the 
ecturmal Vegpids of the gens Apoica tnd the noctimal 





1924) between the Vespidar and Hetbylde, Bruce has 
‘uggrated in conversation that it may, perhaps, belong 
‘ear the Bethylidm, a peaition which would be ioicated 
bo by the Dryid aftnities suspected by Rohwer. 
thas the ation of averse option ence Ge 
tat ‘opinions oonceming the 
taxonomic relationships of the Bethyiow’s are the bubity 
of these Insacte. Omitting the Rhopaloometidi, t 
appears from the published data that there are at Jest 
‘three diferent methods ox types of dealmg with the prey, 
of oviposition and development im the supertamliy. 
‘These may be caleé the Betbyline, Sclsodermatine 





ull the caterpillar into the cavity. Ferton found in a 
hollow bear four greea larem of the same specie of 
Bethylus devouring = green caterpillar. With than 
‘was an adult Bethyhit female, evwiently the mother of 
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(2) The Selerodermation type of Seveloprarat has been 
‘observed io the genera Cepbsiocomia, Latins, Goniorsn, 
Scleroderma, Nemclerodertsa, Anaxus, Apeorsia, Sirala 
‘and Parasierola, In these casee the host, which in a 
Caleopteron, ‘or possibiy in some cases 
an ont larva, i sought ont by the Bethyb and several 
‘ggs are lakd om it after it has been paralysed by repeated 
Hinging. The batching larva conzue the prey and 
‘iter punning cocoons pupate near ite remains, The 
ist complete of the eazher observations of this type of 
YDehaviour are thove of Busck on Latina togadermate, 
aan recorded in Howard's " Insect Book” (190s). The 
‘female Lets attacks and perlyses the lervac! Dermeston, 
“tas off the long hairs oc ite ventral muctaoe and there 
attaches one to tix eggs. The entire Ie-cycle requires 
only tharty to thictysSive Gays, The wouter js passed in 
‘the pupal stage, the cocoons at that season being firmer 
turd darks in colour thas those of the wurazer ganeeations, 
tac found tht though the Lalas wi parse every 
eons rvs encounters, it doe not ey 
‘Dew and tat tough te iva e prayed 
past feces or even moult When this occurs 
Attached to its eaticle peru. He wlio four 
female lays more thaa twice ber bulk of eggs 
is vorestisues parthenogunete but then 
male ofipring Bnet accounts of the babite of 
of Gomorus or of their prey have been pcb 
‘Andonls (2842), by Popesce and Marlatt (1889), Ashmead 
{t3), rerd (909 and ce, and of Precedent 
fd Cépbaionoma by Prard. Ashmead in kis miooo- 
raph of the North Amencen Proctotrypidz (1893) 
find Refiee in hus monograph of the Bethylide (1908) 
Ihave published » number of bost records. Much more 
cextessive cbgervations on Sclecodcrmns, Sirtola, Parasisr- 
la, and Cephalonomia were made by Bridwell (19272, 
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Follaway (2920) descnbed in a single paper, 17x new 
species of the genns Sierola slonr Several best recards 
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of Hawes, Bede have eho been publited by 


detail by BridweD (5920) acd more recently I have bees: 
ble to rear « specite from our Southern States, S. 
macrogatier, Tis habits wre 0 similar to thowe of 
smmigrane that I way describe it ax « paradigm of tbe 





it but eventually climbs oa to t, rips its 
‘mandibles and stings it, often et first in the 
‘muandivalas macs, end sha inepa on biting 
4, ax she moves frem place to place, 

muscles benenth the akin gripped by 
how any signs of coatracti, il the lnrva is complete 
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into the female cocoons and fecandste the pups. They 
‘ako mate readily with mature females, sometimes 
‘copalatng with the seve individual five to eight times 
‘iter briet intervals. The same female may aleo mate 
‘with several maies in succession. So great is the ardour 





of ths nephron steed from paraniiccastzation”. 
Mateuch (io. 191) deevbed sinter ages 
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‘Prodocad in American Membracids by Apbrlopos larva, 
tnd Kornbasser (1919) has published a0 important 
tody of the eficts of 4. fia on or large and common 
Membracid Theta Winaculala. My time wil not permit 
of a conskderatin of the peculiar actioa of tho parasite 
‘on the male and female geoitais of the host, bot attention 
hould be called to the fact that A. ealia, 





(bonny dew). 
‘Tae preceding descriptions show that behaviour 
among the Bethylaides is very heterogenous, that the 
Dryinide bebave eaentially bke Terebrasts, that same 
of the Bethy reaembi th Amps, Spe nd 
, which hunt, paralysed and drug their prey 
to place of safety, and that others resemble the Sool 
Tiphinls and Taymide in cocking cot and paralysing 
the prey in fs own retreat. Scleroderma, furthermore, 
coema to exhibst 2 gmarsioe’ pattem of behaviour 
combining that of Terebrants, Tiptihds and to a sight 
‘extent that of the Formkiém The Spbecid and 
‘Tipbiid methods, bowever, are not very sharply separated, 
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‘ino closaly interrelated sab-familes, These may be 


‘ercanged in the following sequence : 


‘Vase. 


Solitary or at most Subsocial 


Experagion. 











Heke 


4 
lie i 


in the Eumesine but of « mixture 





ay 


Lit 


‘THE EVOLUTION OF WASPS 
18 group consisting of oaly three rare epecies fram 
Seath Wastern Unie Sats en 
‘Teo pnitive na 
‘obviously the 
seer 
ister Sen 
ten fr 
‘uo rovecung Car al sequencd of prey co gy 
most other sobtary wasps. It is from this common 
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pes dail « pre aaleal end scromiing ta 


Perbea (x88) the cells of the East Indian Zehes com 
‘tra ace made of mite 


cn leawe.” An socunt 
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‘over the fallgrown larva with the sume material used in 


‘iaking the coll, bot with a greater admoxtare of the 


resinoot enbetance. The nests are nearly always bailt 
bby several, often by as many a5 a doves, amsociated 
‘warpe. On one occasion I saw ovo females « short 


istanco apart, each boikiing cells which were later 
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tarts the nest by building « single pedumculste cell 
than adding others in circles concentrically to its peri: 
ery as the comb grows, but not infrequently the found 
{ms ay bv jm by ch Smal tes thn wrk 

progrimed very far. Eack larva is fed with pellets 
‘of malaxated caterpilare tal it is tellgrowa, whea it 

a sues cep over Ce etn of st cl and papete 

crmengung females wre alice the mother in pousessing 
well-developed ovaries and sm being capable of fecunda- 
tion, In other words, all the females of the colony are 
physiclopeally equal, and even tach diflerances in 
stature a8 they may exhibit bave no relation to fertility. 
‘The colomes ure small, the nests having usually only 
bout fity to sixty cells, rarely as many a 200 o€ 300. 
In larger colonies there is aceriaia rude diviscn of bout 
since the older females devote themselves to egg-laying, 
‘the younger fo foraging for food and nest materals and 
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dosen queens. Tha colonics often became extremely 
‘populous and comprise Inundreds or even thousands of 
fedinduals, Some of the species (Nectarina, Polybis) 
have # habit of storing a considerable amount of honey 
45 ther combs, wink others are kxown (o capture, Hl 
sod ator within the ceat envelope, and even in the combs, 
quantities of male and female termites or male ants as 
ply of fad te dru on when aoe, 
are a szall group of only three qenern 

‘of paleottopeeal wasps, the best knows of which in 
Ropabdis. The are primitive forms which build a 
Slagle maiced comb hke that of Balonogaster and ised 
the young with pelets of malaxated imects, The 
colonies are staal end polygynoes, but according, to 
Rovband (ro16), troe worker cao be distngusbed 
though they are few in suber compared with the trun 
females. Swarmung scema to occut in toca Apeciea. 
‘The Polistine are represented by only two geuern, 
‘One ofthese, Plstes, is cosmopolitan and, ike Ropalidia 
and Belonogaster, makes a sing, naked comb, mspended 
Dy a central oF eccentric pofimele to the undarade of 
weame shelter. As there tre several common specins 
(a Burope and the United States, the babes of the 
nus are welliciown. The nest is usmally established 
And in its incspent stages constructed by a single female, 
fr queen. A certaz wumber of her ofepeing are workers 
though they seem often to ky maleprodacmg segs. 
‘True females are cer mozaous inthe coloiea of sort 
teopical species, which may therefore be rmpurded at 
elven, end some of hn ater may, pha, sam, 

temperate regions, Lowever, thr Folites cobay 1h 
fen annial development and scaly sot very populoos. 
‘The young fecsales are focundated 1c te late sar and 
‘os the winter hidden sway under bark or an the crevior 
cf walls, whence they exrge In the ypring to found new 
olonian, “Sever. of the species, even in temperate 
felons coasennly ators anal quanti of Boney ia 
‘Like the Politi, the subtamity Vespina inciudce 
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(393) 
fuet that the habits of only a few of the geners snd thove 
mostly Eoropean, have bees carutully studied, renders 


‘and tentative. 
‘At the present tims no other family of Aculeates 
anything ike thie ‘elorescence of specien 
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‘tha nectar and pollen and have therefore faibed to develop 
‘the nsual exterual collecting apparatus, is very striking. 
‘Hace hymenopterists have been led to certve the eas 
from Fouoree and to suppose that they mst have had 
‘ancestors. Ye the latter half of the pant 

, daring the remantic period of Durwinixa wpecti- 

tion, HL Miler, welbionawn for hls fine work an the 
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Prowopis,Collstes, etc. the oer to Sphenedes, Halicas, 
ela Frlase indicate 2 third posed enceatral spree of 
‘ta bows umang the Vespide (Odyzere) foc the pecaar 
‘Ansteaban grass Hiyleodes, which, 90 Cer as known, has 





‘Apide, which were exclusively adapted to « meliferoas 
st, never used ther sting for the capture al prey. 
‘Very probably they represent forms that have remained 
excheivaly vegetarian and an much bave retained 
feeding habits most like those of the ancestral type. 


‘and Handlrach (1g24), groupe of genera, all 
Seta ao fara owe ao hy Spano 
Doth structurally and ethclgicaly to serve as Apid 


(pear Metssode}, ‘and Lithandread. (028 
‘Andrena), ond from the shales af Oeningen (Miocene) 
‘bees of the modern Tithorgus, Xylocope and 


‘of both bees and Spherids ia the Cretaceous o probably 
coven in procretaceons formations* It must be admitted, 
2 Owing ffm fart shat 278 dee 
nae By tate Sa et od 
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however, that the older view of a change in the ancestral 


‘Earope an, 
‘according to all accounts, strictly anthophilous, ike 
the bees. It is, of course, obvious, as Roabaud (1978) 
‘pling, Chat the character of the food is imposed on the 
‘offspring by the adult insect, and that the adult Sphacr!, 
‘unlike most Masaridinz and the bees, really has a dooble 
diet, sinos it feeds both on nectar and imects. In 
mnost cases the insect dlet is represented merely by the 
maleation ead trating of te peated prey, and may 
bbe Interpreted as a vectigil act reminisocat of the 
Spbead’s own larval diet. 

‘When we tom to the reproductive behavioar which 
‘bas led to the development of societies we find a mort 
‘extraordinary pereillism between the family Amde 
fas a.whole and that of the Vespule at deacrbed in my 
‘previous lecture. The progress trom the solitary con- 
dition, shown in more than 95 par cent. of the species, 
‘to the conditions i the most highly socialed form, 
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geearioss 
‘alo be the mesut of the attraction exmrised by a cle 
‘cormacrlbed and pecullar envirenment on « aumbsr of 
‘female bees of the same species. The species of Eugheoo, 
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Part The egg i of large ame m comparison with the 
‘Rae of the bee, tod of kidney shape. Ax soon as the 
larva is hatched the mother commencrs feeding It, 
‘The o@g oc ogg: that will batch Inat aze always to bo 
found atthe bottom ofthe cxvity ; above them are to be 
found the younger lve, then the mere advanced ona, 
and towards the entrance are the pope. Sometimes, 
Dower, this disposition will bo fond to be daterbed, 
‘The mother in carrying food to the young larea at the 
Jowar part of the cavity runt perforce constantly pass 
the pupir and larger Jarvm, and may therefore sightly 
‘istar> the sbove-cseationed order, tnt tia cars surly. 
"A special worker class, euch a3 wo find io the genera 
Apis, Bowibas, Trgona, smd Meipona—tba: is 10 507, 
‘a'more or ins crippled female, w cot to be fond $3 
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of 
ours, be 
bn auch @ way that the apcal end 
‘heads of the same are nach at the same level. It follows 


g 
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Jays and fastens the row of eggs in ripe succession, 
‘The foeding of the larvae is accomplshed in thn folowing 
manner. The mother bee depomts the food m the space 
Jet botwoen the heads of the larvae so that they can 
all feed at the same time from the same food suppty, 
‘The pupe and the lave after the lst casting of sian 
sur found near the entrance, and the agglomeration of 
larva atl feeding are below them, newer tothe bottom. 





‘the dry stems of a native 
esparagut, There $6 no doobt about the remit of my 
‘observations since T have came across about a dozen 


“In this species the mother bee carries in food for 





“Thar is only one difference separating the economy 
caf thus bee from that of the general type of soktary bees, 
-umely Usat in this lattance there is 20 partition between. 
tteo adjacent larvz und their stare of food. 

"This port i of great importance, aod ehould be 
‘hocoughly grasped. All other sobtary bees provide 
frat the food, than lay the egg on it, and close the cell 
‘or partition, proceeding after this with another partition 
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& 
resting on tha closed ous, Tn the case of thls Aadsps 
the process ia the same, except that the egg is frat nud, 
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ypethapa be exphined as follows: As mentioned 
the eng x very volummous in ecmnparioe to the sus 
the mother bee, It is hardly credible that a. 

bee should hy eggs one-third her own sive ia sapi 


“Tn the fst type af oviposition and food starage, itis 
trac, am already stated, that the c4y is also very large, 
‘but wo do not know the tune required for the completion 
of ovipestion. Ia the second type, where merous 
eggs are fastened to the wails of the galery, the aus of 
these eggs is small, and accords with the ‘ue of the 
mother bee. From the descrpion of their postion it 
4 evident that they mst be lad io rapad ucceawon 
1m order to allow all the batched larve to feed from the 
sume food supply, and at the ane tee", 

‘Braues' observations en Alodape axe of considerable 
Snares, Decaae they reveal win the ia of snag 
(genus 0 series of stages beginning with « mas»-proniaon- 
{ng of the young, ie that of the soitary bees and 
vwanps, and ending with « stage of progresnrs provision 
fing. And ot only hus the later led to an acquaintance 
of the mother with her ofsapeing but to a trmmporary 
‘dilation of the offspring with the mother. It would 
teem that these conditions must ave had then Inception, 
su Bratins eggests, in a0 supple a matter as the omission 
ff the senes of partibons wich all other solitary bece 
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ccartroct between their provisioned cell. In 
connection it may be noted that in the gaxtnlogoun 


Te 





tod that Fecle Taknds, Tag (pn) ea ee 


(2905, 1543) obverved that sume of the 
‘cavitien of the neat are used as storehouses fot pollen. 
Halictas is the largest of bee genera, of world-wide 





Fort (250). oe Botta Mane gph Suekos 
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1s fow notes on tha calls of the Brazilian Nescorynuns 


orinnys, Mare recently Herbst (1923) bas given us 
‘some Valuable data ou the habits of three of the Chilean 


vob grace, Augochlor, Appposteson and Corynure 


aggregations whch may cam 
‘Each nast nstarted asa nara, 
oat. 
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‘The Halict, so tar ax knows, nest in the soll or rooce 
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‘on “paper statitice”. His own observations were 
carried out during seven years in Upper Bavaria far the 
mest part on H. malachurns, macwlaise, eatcincus, 


Grok, rae cee conto by’ Zander uoigh 
of the feanke reproductive ongana. Tt 
appears that the number of ‘axmual generations dfers 
fm different species of Halicts. Tous some northern 
forms, e4., . lmslau, have only ove generation tke 





generations, the males die io fhe fall, though rarely 1a 
some South European species a few may survive and 


tometimes appear ‘tbe middle of Masch and 
J cout tn booms tnt vit hn 
flowers of wallows and dandelions Although several 
feaalen 
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sections showed that her ovaries may conta 1 
fod her epermathoce an ebundance of sperm fl the ead 
of Augur, Somewhat star abe loses her 
fight, cus away and dics, The lonenb teal 
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fateate that there may be many surprises in store for 
sia when the life stories of these seemingly monotonous 
‘tod uninteresting boca have been subjected to. more 
‘areful scrutiny tod experimentation on other continents, 
Silly io South America end Australia, 

higher social bees, the Sombine, Meliponine 

and Apian, represeating the most highly vpeciaized 
foxmas atsang the podilegous vine of the (wzily Apide, 
‘resent s0 many knotty problems to the phylogenist 
‘8 whole course of lectures would hardly woffa for 
‘equate conskteration. it is often astumed that 
‘hee vob-lamuies mast be eather clovely related, 
ly becawe their morpichcal strocture is similar 
snd partly beconse they all secrete wax and employ 
it in building thelr combs and rood-colls, but. their 
habits and the genesis of their sonetes are vo divensa 
‘hat wo are lod to suspect fhat we may be dealmg with 
‘three convergent developments from es many independent 
weewtral sources tather than with three drergme 
tranches of a common stock Tae colonics of sock 


& 


nia 


(Lower Osgocecs}, Sicilian amber (Miocene) tnd various 
hates of the Upper Oligocene and Mucene of Europe, 
tnd an attempt has beex made by von ButtolRoepen 
(1906, 1915) to interpret some of these fossils as actual 
‘ancestors of our modern 4s mallee, But the species 


"The two fosll spelen of Apia adduced by von Ruttel- 
Reepen (rgo6) ix rupport of his view that the boney- 
toe mint have orgisated in Germany, bare mitt 4 38d 
fate, per edowsihca Heer, irom the Mtcene of Oxingen, 
Proves to be a Lithmgus, in, » gartiegous be allied 
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Suess scording to Cockerell (39034), and von 


Buttel-Reepen’'s Apis melipanoider from the Baltic 
ater hahaa, te tn me oreo at 
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Fests Bum sate peelie betbcloes or benoit 
‘tp mare aerial (dendmnblons, or wrboricotons) habits, 


‘While there i no evidence that any of the solitary 
‘eee sectate wax, vos Butte-Reepen (x03) and Friese 


not in a position to say that more deGnite physiological 
stages leading ap to the wax-seeretion of the higher social 
deco say vot ext ix some of the solitary specie, 
‘Heacthans (1922) has shown that the a 


‘02 ond the facial ghods cay therefore be sentorgank, 
‘though, as Hesethaus suggests, their proximity to the 
‘olfectory ocgans of the antenaz i not very favounble 
‘to guch an interpretation. The regions which wwereto 
‘the wax in the Bombine, Melipmine and Apioe are 
known to have a difleweut dutribaton on the abdomen 
and in the individuals of tha varioax castes. In Bornbus, 


‘by the workers and aly on the ventral se of the 
stoond to ffth vogments, In all cases the secretion 
roused by young individesls oaly. Tae Bombing 
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‘woud voma, thereive, to represent the mort primitive 
ft generalized stage, ix. the ace which may be con- 
‘elved to bave gives se to the condition seen ja the 
Matiponinn by 3 ows of the glands on the ventral side 
of the abclomen and tn the Apiam by thei lst on the 
dorsal side, There exe also same interesting differences 
4n the method of employing the wax in the three wub- 
families the Apine waing i nits pare orm, the Bombine 
mibced with a coosderable amount of pollen and fatty 
substances (0ca Armbrusters (2914) clostion of Sundwick's 
oalyver) od the Meiponine with a lage admixture of 
‘arth, resins (propobs) aod other vegetable matic. 
Since [ propose to go into « Keagthy discussion of the 
polymoxphusn, or caste developaseat of the socal 
Insects up two subsequent ectares, I shall here merely 
‘touch om it tha bees, In some Halicts and m Borsbus 
the female has developed two phases, but they exhibit 
canly fecble structnral dtferezcen like Uhove of the vocal 
‘wasps, the worker being amaller thas the queen, incapable 
of fecundatioa and therefore either stente or capable 
of laying only maleproducing ova. The differentiation 
ls amed eemenbat teria the Metponine und Apne 
snd, owing to difleresces in balsts, exisbits « 
revernal of the conditions veen 12 Habctus and 
vines the queen, though reteinng and exngrcrating the 
‘ecundsty of the queens of these forms, shows a degenera- 
tive reduction of the pollescollecting apparatur of the 
Iba Segs and of portions of the bead (smaller stze of 
Ihead 12 Meliponise, reduced mouth parts m Apis) 

Ta enedusion something may be sald aboot the various 
methods of colony formation among the Bombe, 
Mebpowme and Apine and the metier of mosogyay 


the preveding lecture.” In north temperate regions the 
Bombs colony is ax annual development snitated by 
1 single tecandated, overwintering queen in preicaly 
the same manner as the colonies of Vespa, but according 
to R woo Dheving f209), the ccloniss of B. cxrbonarint 
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‘nd cayonnoasis in Bruil ure peceaaia) and contin 
several fecandated quocan which extabish new colonics 
by owarming, like many of tbe tropic) socal woth 
Acpntng to Sv gn) tad Hoo hea oe) 

(xgoa) and EE von Then (1903) 
the Melsponine colmnien are also established by swuraing 
‘There in only one mother qaeen in «cology and ce 
she { onabla to fly on account of the volume of her 
‘tetomen aed the relatively small use and often mutated 
state of her wings, the swaras of worker leave the nest 
‘with the young: qaceas as ia the caus of the tropical 


lows, there is alzo only a ange scther queca, but she 
‘preserves her powers of Might and leaves with « swarm 
of workers 48 soon a8 = young quem is sbout to emerge 
in the hive. To anticpate, T may say that x the 
Formicide the great mayonty of spones, even in the 
tropics, undoubtedly establs ther colonies ike Vespa and 
tho Bombs of temperate regons, hmgh colonies may ase 
vise by swarming, 12, by fecandated females lorving 
lange colonies 1p company with workers and occasoa~ 
aily also by association of a Sow young sster queens 
(primary pleometress“). 

Reserving for future consideration the aberrant oe 
of cert social parasites, we may therefore dstingush 
four types of colony formation in the woul Acileta, ox 
follows — 

(2) The Verpe type, aca also fa the northern species 
of Bombs und Poste, a Hales and moet 
fants, The incipient coloay is eputoned 
fu single fecundated goo 

(0) The Belonogaster type, occasionally seen also 

: ‘in Hahctas and some ents (Lasius, Myrme- 
cocystes (Wheeler zgr7)}.¢te, The begranmg. 
‘ilony eonasta of sever! feoundatad, pro- 
ably sister queens. 

(9) The Melipona type, seaming also in many 
‘roplcal Vespa (Poutes, Polybia, ete) 
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food Bombo The colooy at first cousirts 
Of 6 single focundsted queen and « cumber 
‘of workers which are her ters. 

(8 The Apis malice type, uot known to ooour in 
any other inuects. The new colony canssts 
cof an old fecundated quem and « cumber of 
her worker daughters, 

‘The fourth type may, perhaps, be « vacant of the 
‘hind, but it haa not been ‘explained, thong 
‘careful investigution af the other specs of Apis, doreate 





queens hibernate peacefully in the same maternal 
‘burrow but with the arrival of spring conflicts break out 
among then and the result i usually 2 monngynous 
ssolony, In some cases, however, two or three of the 
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sisters may compose their differences and establuch 

colouy. We should probably observe 
‘xunilar indetermmate type of colony formation in Vespa, 
and our northers Bomii, if the fecundated queens were 
‘in the habit of the maternal nes, or among 
the ants if the queens, instead of disperang during the 
‘arcinge flight, congregeted in convenient cavities, 
Occasionally several queens of Lass, Formica of 
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‘Tx thin end last and from many points of view the 
most interesting group of tocal Aculeates comprises 
‘the faclly Formic, or anis, It is sentially u tropical 
(peup and tL ree our Inowige ft was 0 lcgly 
onfined to the rather amall number of species 
forth tpente sun tat uo amp dace 
‘was possible. During the pest half oeatuy, bowever, 
Ford, Emery, Em. André, Santschi, Vichmeyer, Doois- 
thepe, Covi, Mam, ted, od other, baling 
‘upon the foundations laid by Latreile, Frodenck Smith 
‘and Gastav Mayr, have been endeavonrmg to complete 
fhe taxcoomic edifice of the family and to galn guch 
Iknowladge of the behanoor ofthe species us was incident 
‘ally possible. Though there sill remains, of course, & 
arrett deal to be doot, the data accumulated have, 
revertheless, attained imposing dimensions. They are 
‘ow being wed in the production of compendious works, 
cof which several are already acoesuble to the student, 
favae lend mp hinpen Rare por are 
‘oluses oo ants bave been published by Forel in 

ty Bucherich (cgr7) and Brom (3924) m German, by 
Emery in Italian (19252) and by Donisthorpe (1975) 
nd myself (roroe, 1923) iz Englsb, Forel’ *Foorms 
de La Suisse "(new edit 2900) and especially his “ Monde 
Social des Fourmis” (921-23) cover the fed so well 
‘that 1 can find no excuse for devoting this lectore to a 
surrey of the structure and bebaviour of ants. 1 shill 
take for granted that yoo have some acquaintance with 
‘these insects and shall treet, oo far as my time will permit, 
nly a few geseral matters sock as the phylogeny of 
‘the family, its known paleontologial record and its 
ographical distribation. In later lectures 1 shall 
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cater into somewhat greater detall a separ to some 
‘ther equally controversial matters 

‘Tih fact thatthe fazsby Formicki, unlike the Vespidan 
and Apide, comits ently of socal inurl «serous 





Doyiaa, Myrmione, Debchoderioe’ aod Formicine 
(Camponcting). Tox Foose ae primitive but 
Tatber heterogeacous group (Fg 2g. The Dogfina 
comprise the famous dryer ants of Africa (Fig 39) and 
‘he army aats, ot" ants of vistation ” of the Azencan 
‘tropics. The Myrmcme are a large and very hetero- 
enross asembiage of genera, wath axe, soverthle, 
‘easily recognized by the two small petolar segmmts of the 
sbdomen in al the castes (Pap 29, 8 and 2). The 
Dobchadmnae (Fa. 73) and. Forni (Pg 51) are 
‘both charactenzed by @ single small petiolar segment 
Dut lr am the shape of the gusard, anal aperture 
and the character of the pouen ands T have recently 
Tecognined two other sublambes, the Cerapechyasm 
i 25), formerly ineladed among ths Poneriue, and 


1 will be ween that nearly all the North Amecican 
sand Baropeanaats beloog to only two of the ebtanaiis, 
‘he Myrmicine and Formicine. 

“Thete has been canerable discussion. covcerssng the 
relationship of the varloms eablamilea to oor another, 
find Hendiach (1944) fas recently pronounced this 
Aiscosion to be fate, sie eac of the Eve recogalad 
by Forel and Emery contains both primitive and Sighly 

forma. ‘But a general appreciation of each 
‘ubinmily, bused ona cecil estizcte of all the genera, 
shows that the aremge dilerentation of the larger 
{Gropo ia very uoequal sd that sore of the subiamilien 
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tages of conquest, defence and indostry in. been 
history. 1 beBiowe, therefore, thet the dlicurion of the 
intereationships of the Formiid subdues is oct 
altogether futile, Handirech, who ban constructed. 90 
many “ Stammbdame ", may de parlaned for disiking 
those of other hyzornopteriss, bot ie is hardly conaatent 
in regarding their construction as a usclens occupation, 
‘are afterall aly graphic expresionsof conceivable 
‘relationships and have neither more nor 
value thas otbar schemes of epstomizing Our pro- 
visiona) notions in obscure fields of investigation. I, 
therafore, contrary to the exment Austrian entoro- 
logt’s opinion, we venture to construct an ancestral 
tree of the Formed subfamilies, i would look some- 
‘hing like Fig. 23. 

‘The Pooesine represent the primitive stock from which 
‘the other eubamiies are concevved tohave radiated, and 
the smount of speciation to which they have soverally 
stained is indicated roughly by the leveloftheis mes 

‘There is one question which bas not bees expbcily 
Gincmeed by myemecologats though it is suggested by 
our ccount of the Vespide and Apu and that f: 
‘Ave the various cubtemiles of ants really derived from 
‘© common stock or are they polypylctic lie the 
vrariogs social subfemlies of wasps and bees? Tn the 
proveding diagram they are treated ss monophyletic This 
{s the view taken by Forel ia zgz0 and by mysel! fa 7900 
Emery, hawever, has indleated « polyplpltic orga of 
‘the subfamilies in the following schema pobtisbed in 3920: 


Prodoryline (Cerapachytnae)———Derylins, 
fies 
: eel yee 


the mensam snout of 


eee 
i) Posse 


ONS palichoderine 


\——Fommicine (Companctine) 


indleations of « very og evolution, apparently much 
fonger than that of the social wasps or bees. Obviously, 
‘the ancestors of the Formicidse are ect to be sought 
among the Spheade, or Fossores, but on socunt of the 
‘thomine structure, wing-venation, absence of strigila 
on the hind legs, efe., among the Veepaids, or Vespic 
formia. The Diploptera (Vespde} and Pompiide 








opportumiy hare afordad for differences of 
in regard to the family most closely related t0 the 
Formed, Most ot then, following Latrille, have 
‘settled on the Mutilide, but others have pointed to ant 
lew truats In nearly every coe of the other famalies of 
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Emery was evsdenty led to take this view on account 
of the geutmalized male gecitalia of the Mutilide, the 
apteross condition of the female Doryline ents and the 
peculiarly antlike ebdominal pedicel of Aptemeyna, 
But the wing-venation of this geaus, which Era, André 
and Eoery indade among the Matilde, is pecuialy 
tpocialined asd very differert from that ofthe Formicidae 
Atthough Emery was well aware ofthe obstacle prvented 
ty Me wingie comin of fecal Metis, Be tly 
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‘more primitive forms The Plomariide, however, seem 
‘uot fo represent the point of origin, because ther entennm 
‘aze mach too big salised " 


(iyxine) since it resembles the ants in the shape of the 
eyes, the wing-venation and the generalized tendency 
to constrictions Letween all the absiominal segments, 








fear, bas beex pushed to the poust of exuiis that the 
Formicidae bear mzuch the same phylogenetic relations to 
‘the lowermost farsties of Acaleata, and especally to the 
‘Tiphiide and Bethylide, that the socal Vespaés bear 10 
‘the Eumeninm and the bees to the family Sphecide, 





Wn decigediy more satisfactory. Thus up to the present 
time 12,727 ante, representing only nioety-three species, 
‘have been examined from the Balti amber (Fig. 28). 
OF these r46r were studied by Mayr (2868), 690 by 


Carpenter, s now monograpbing thes: with my assistance, 





from the shales of Orningen, s» Baden and Radobo 
fn Croatla, but Mis groece allocatans are so dubious 
to be uses, “Fortenately a mumber of his speciena 
‘were later reexamined and reisterpreted ty the ctle- 
ated myrmocologist, ostay Mayr (r86p). A. small 
brut extreanly Interesting series of speces was deactbet 
in xSgt by Kmery from the Sicilian amber of Middle 
2s (Pig. 27). More recently Cocksrell (1915, 
ignoe) and Denisthorpe (1920) bave described several 
des from the Boorae and Middle Oligocene of Bagland, 
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‘THE EVOLUTION OF ANTS as 
In bis momumental work on fossil insects, Hamdlirich 


{t908) listed nearly 300 species of Tertiary ants, but I 
bilo find among em andthe species dice Geen 
‘more than 169 with adequate geueric determinations, 


E 
tnd this Ia probably a 220 Liberal timate, 
Confsing vursives first to the European Tertiary 
‘pro species are known from the 
Eoome Bagshot Bods of Bosmemouth). They were 


“Although the gpecimens are undoubtedly typical ant 
wings, they are inadequate for generic ideatification, 
AML wo can aay in regard to thera 39 that true ants, pro 
Dably belonging to the moat highly specialiced subfamily 
Formiciue, lived during Eoome tunes in what iv now 
‘Hngland. "For the sake of the utmoet beevity T have 
‘condensed the available data on the Eocene, Oligocene 
‘and Mivcase ants of Europe in the table on page 216. 

‘You will notice that the 169 species belong to ity four 





latter also many of the extinct genera are related, The 


‘epresanted in Earope and other regions. Unfortunately 


ni pohri fe Eten sata Sie 
Sopa, Sere a ater grote Cote 












































nts froma the Hocene, both Estopean and North American, 
Iisa uncertain, they are ix mo respect more pranitive 
or mote generalized thay the ants of (he amber and 
‘eee aze quite as igily specialized as oor hing format 
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All eight of the living subjunilies, with the exception 
ry 


(to molify their definitions is order to uccommodate any 
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teres, Pleuoptaon nad aa eerie ges) 
Dy Klebs (xgr0) in his ist of amber Coleoptera 
Wasmann, 3916). That these ants uso had 
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(Boa) desccibed a living species (6. shaper) fom 
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‘whole are very dependent on soil (edapbie) and climatic 
eatin onl ray oll of ton my be Grebe we 

decidedly thermopbilons. That this ie not tue of the 
‘Hymenoptere Io geoeral is shown in the following table 
‘from Handlirsch (19x), ia which the numbers of species 
of several of the larger families of the three suborder 
im the temperste, subtropical and tropical zones are 
recorded 
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‘the same peculiasty while um increase towards the 

tropics is shown in others and that the Acoleata, with 

the angle exception of the Sepygide, have a similarly 
‘most conspicvrns 





tant the farsly was originally terriolous, and this 
habitat makes it meoesmcy for them to avoid all slla 
‘which wre oot welldrained. “Hence their searcty in 
‘vet mandows and swamps and their prediction for Bill 
find mountain slopes, especially those facing cast wad 
south ia the sorthers, axd north end east in the 
Aoutbem hemisphere. To the rainy portions of tho 


me ‘THE SOCIAL INSECTS 


‘tropic, where we find several large atborinioun genera, 
they have obviouilytalem to nesting in or on the trees to 
avoid the excessive and deleterious dazpoena of the eal, 
TBut even fu theve gions, as 1 have observed ia Central 
‘Ameria and elsewhere in the hnmid tropics, the teri 
stlous wits greatly prefer slopes or the sal under stones 
OF logs oF decomposing wood wach abeorte Little rane 





New Janey pine-barrens, but with a greater admixture 
of tropical elements '” That the region was mountainous 
‘waa ingeniously shown by Ulmer (o9sa) i» has monograph 
fon the eaddice-lies (Theheptera) of the Ballic ember. 
He found that of the thirty recent genera of these 
‘insects represented in the foul retin, the larvwe of 13 pet 
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like thoee among which I conceive the Mesorole ants 
.ve evolved. This comtineat hax © more or less 
earapt in the extreme north 
‘there ise condense wimtere of Papin 
‘eal feral imminent, The pnt dereopaat 
Zarda ia ‘steal a guetta 
‘may concind, thereiore, that the ants are 
tivay eos tad thepopaea fay. 
which arose {5 and sill prefer  felely dry environment, 
From this condition we can trace three lines of adaptive 
mdiation and specialisation A mumber of geoem to 
ail the subamilie, except the Predomyrmne and 
Dolishoderinm, have abandoned life on the surface of 
‘the soil and bave become sobteranatn, or bypogeic. 
Others bave increased their native tolerance of dcught 
sand have become desericolous, wad it is interesting 
‘to note that this category compres several primitive 
gneve, expecally among the Myrmicice Qeswor, 
Novomaunt, Veromessoc, Pogoomeymoes). A mimber 
of geoera and subgenera, Gnally, in regions of great 
rinfall have become wtoncolous. It is uatewurthy 
‘hat this last category is almost excinsvely represented 
‘by the most specialized genera of the four highest sub- 
‘auniles, the Myrmane, Preedoryrmine, Dolicboderina, 
and Formicine, and bas po representatives among the 
‘Dorylnae and LeptaniKne and very few (e4., Neopontrs} 
‘among the Ponting, Furthermatt, even eich exquistely 
usborkolous genera as Preadomymma and Cremito- 
‘guster contain some terricolous forms, Ponadomyrme 
slogans, ©. a6 wan showa by Fore, always nests ia the 
(ground, and there are many Crematoguiters that neat 
fm rather dry soll ia North Anmesin, Australis and 
slovebere 
1 my conchisioas aze correct, Emery (rgat) must be 
‘mistaken in his interpretation of the sequence of hsbitats 
in the Formicine section Bveamponctio:, a group 
ceubracing the gruus Camposotus, with more than 2,000 
descetbed: species, subspecies and vazictis and sever! 
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allied groera. His views are graphically presented in 


the following phylagenetic diagram >— 


ms 
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I Beitiah Goiana I found i nesting in old logs on the 
(ground und Dr. W. M. Mann informs me that he Baa taken 
Stunder tomas in Bolivia, Gesomymmer, too, is probelily 
tecrlolous. Tae types of G. howands were vent to me 
mingled with « lot of welltnows soilintubiting axts, 
‘According to my observations at least come ofthe sped 
of Oplsthopais end Calomyrmex nest in the earth. Of 
the vacloun subgenera of Polyrhachis all the Australian 
species of Campomyran, Hagiomyroe and Chariomyra 
are tericolous and moreover, ike Caloczyrmuex, dlatinctly 
xerophiloss, In Atria certin membern of the sub- 
(genes Myra are terrcolous and the mune is probably 
trae of some of its East Indian species. Nothing i 
Encwn of the hats of Eehiopl, otitis obably 
wroricalour. Thus genus, Gcophylla, De 

and some subgeen of Camponotus and Polyrhachis 
therefore alone belong wholly below the dottat Hine in 
Eney’s Gagram. And when we cmfine our attention 
{0 Carponatas we fod that the terrizslows subgenera, 
Tanamyrmex (=Myrmotszta), Dinomyrmex, Myraoee 
jews, ete,, axe obvioosly much more primtive than the 
sub-genera Myrmothachis, Colobopais and its allies, te, 
whieh have the head and mandibles of the guom end 
soldier tore of less spocalized for Uving ia wood. 
Hare egan it will be nobeed that Tenemprmex, 
which embraces a considerable mamber of species, rub: 
‘species, and varieties, is highly xerophilous, since most 
of its forms are confined to sommwhat end or desert 
regions, In North America Tacsnyrmex occurs oaly 
fn the drier portions of the Sosth-Westera and Western 
‘States. The evlutios of the Eucampoootial, therefore, 
opinion, has been just the reverse of the ont 
outlined by Emery. 1 requrd as equally fallacious bis 
‘contention that the ancestral ants which gave rise to 
‘Benphyila, Campocotus nd Polyrhachis had the bebit 
of employing their larvee to spin leaves and detsitms 
together in making the nest. Tals habit, now 20 well. 
known fn @cophylis, occurs only in two among several 
‘bandied Neotropical species of Camponotus and in 
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to paleometeorologists (Schockert, 1974, Huntington 
Cro) and bers) ere Pride of gh feaperace sed 
frst andy. “Tho teneteal babies ant the very 
‘Stina and pati sutions ofthe ante to thar Live 
and pupe, 28 contrasted with the more recently evolved 
{cla waspe ane but, esm to point to an orgs under 
‘ether seit cofitiees such ea are supposed to have 
Ecisted over the gimtt Contin onmee dung the 
‘Triassic amd carly Jursssic. The erdorea! adaptations 
of certain genera might then be couctived to have arisen 
fusing. the Creaceous, 1 penod of continuing high 
femperctue but of qrcter homidity lice dat ‘f the 
{opi rin fors of tay. 

we pontelate so. reccte« gualogical pat for the 


Demiaperes 
‘satitactory explanation of the present distebution of 
soch “riict" genera. The latter contention is mup- 
ported by Handlisch's chtborate statitis of the preaeat 
Gistivation of 16.100 genece and 0000 sposien of 
Insects, which show that the evidence for the existence, 
st last daring the Tertiary, of the various ledges 
postulated by ven Thering, Scarf, Emery and other, 
formally extremely meagre Handle shows, morover, 


endl 
‘aw 

‘The study of our Nearetic lrana naturally predisposes 
‘American aaturaists to defend the bypotbesis of a 
‘boreal origis of organinms and their southward migration 
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bby von Dieting for the Tertiary or of similar intercon 
Ubestal landmasses cring the Mesoaoic Kober 
conclodes “ that without any doubt the six large coa- 





‘uumpomaary 
cement of the sntinnts daring Gots tm 


‘the present geographical dsstributon of may orgenise, 
such as the Formiride, would vanish. 


SoS, Sty Seong 
similaritim among the immodiate soit 
{totstors af theve fastened petty tothe more reat 
‘common ancestry of all of them. As we bave seen, all 
the social Acolaates ane derived those solitary 

‘20d Veapolds and T have attempted to trace both groupe 


7, 
‘the sockil Vespide thes are the Veopid Formicide, 
4s probably die to the longer and more eventful evolution 
‘of the later, 

‘What may be called the solitary inheritance or endow 
‘ment of the social Aculeates quite obviously undertise 
‘the characters, both structunl and behaviourist, 
‘that have been more recently acquired as the reenlt 
cof social lif, The fundamental solitary traits most 
deserving of ecaphasis are the following = 

G) The pronouzced sexual dimorphism, which, at 
‘umong the Terebrantia, is even mare com 
wpiccoos inthe bebeviour than in the 
structure of the Aculeates. The complicated 
instinct patterns are exhibited only by the 
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female aod the male is reduced to « mere 
Smcundating agency. Owing to the per 
fection of the female spermathecs, which 
‘eoables her to store and beep alive the 
sperm of the male for a considerable period 


The arog fr ring ol ect of vegetal 
Oey ts echery Winget mad poate 
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‘the ants, toads to depart farther from 


in 
‘he queen end to become dimorphic in turn 
fs soau as its primitive combmed wutsitive 
fend protective fonctions become dlssocated 
(workers proper and soldier) 

(@) The consociation of individuals to form the 
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(G9 The protective and defensive functions, to0, now 
‘assumed by the whole of the worker caste or 
‘of a peculiarly specialised portion of 
(poldier caste), become much more eficient 

and ore formidable 
Tt sould bo noticed that with the adveat of social 
lif, bobaviowr ecesuarly becomes ect only more 


matter. Auguste Comte loog ago and De Grange (1923) 
‘more reoratly and more clearly Have shown that « society 
fs best defined ag en accumulating collectivity. Of 
course, these sociologists, and others who have held 
similar ews, were thinking primarily of koma society 
which u manifestly and essentially characterized by 
aa catrsoniinary accumulation of objects, thoughts 
aod acts and all that they imply—more, instifations, 
anguages, inventions, capltal, art, scleme, tt. 15 
‘iis book entitled “Tee Mantood of Himanity “, Count 
Kornybeky (2921) haa ako emphasizal the accamalative 
specs of humax society under the term“ time binding ". 
‘He regards t es em exclusively bumen activity, but as 
De Grunge shows ix several passages, it ip really © 
Penny ofl ree sci. sna or hema, 
‘The social Acninater reveal the socomulat 
tlouty, though they ass, of cours, very petitive sd 
rudimental compared with thse of man and very 
largely consiced to the sphere of the socalled instincts 
‘and the results of their operation. But this most have 
‘been true also of the caslient stages of human society. 
On the cseterial plane savage communities are stil fr 
fromat tage ay reonamically aecimlative as 
‘that of the hivebee or the higher ants and termite, 
‘their tramsition from the wolitry to the soci 
stage, there was oxe pecularity which the Acniates 
‘seem to have beea unable to modify, and that was the 














4eft in exeeatially the same stage ax among 
clitary ancestors. I say " casentialy ”, becaupe 
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certain social bees and wasps, he dose seer to be 
lightly vocisized, at least to the extent of 
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ten produced in considerable numbers, are merely 
tolerated for a time as 40 many parasites on the cxiony. 
Being necessary for feoundativa, however, they cannot 
‘be regarded ax good-for nothings. 

“Weare not justified, of course, in malnng the anthropo- 
‘morphic statement that the social Acclestes cammitted 
1 bhinder in not completely socialing the male as well 
‘ss the female. Even from our human point of view 
1 does aot seem probable that anch a cotial employment 
cf the male would have increased the efficiency of the 
soctetias of bees, wasps and ants. This is suggested by 
the termites, which actully accomphshed what the 
‘Aculentes could uot or at any rate dit not eccomplish, 





I 
the termities exhibit 
Acoltates nd especially totheaata. Lika the Formicidae, 
‘they are all socal and there is a very procouead 
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‘taxonomy. More genera) works are alo beginning to 
appaic, puch as the treatises of Holmgren (1909-1513), 
‘Escheeich (1909, rorx), Sayer and Banks (ryao} and 


‘thied of them from the Ethiopian Region, Le,, trom 
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Aftlea South of the Schur In North America we 
‘uave some thirtyoar species, only one or two of which, 
‘extend to the Northern boundary ofthe United Statea and 
into Brith America Europe sams to have only two 
species, which are confmed to Central and Southera 
France ant the Meditexanesn Bttoral’ At preunt the 
delimitation of the ain groups and their names are 
‘sumewhat unsettled. Holmgren recognized three families, 


Wetatemitide They embrace ropectiely the moat 
primitive, moderately “specialised and most Mghly 
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(95.98 mm. loug, 45-5 mm. broad}. The soldiers 
‘rank among the largest known, and are chiefy remark: 
able fo that they exhibit well defined extemal 





States of North America Two of the species, 7. 
‘enguaicelss and meadenais (Fig. $4), have beon oacefully 





(tq), Heath (agoa). Jucei (2924) and others. The 
genus, of which more then fifty species have been 
described, is coamopoliten and 2 represented even in 
New Zealand and the Galspeges [sends The colonies 
are usnally small and comprise the same castes ap in 


iB8, 
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‘Termopsis and Archotermopeis. That the soldiers may 
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hows that Mastotermes, cow repmeented by 2 single 
‘pecs conned to Northern Australia, wes dnring eatly 
and middle Tertiayy times & Soorishing, comopotitan 
genus. To a dosety allied genns, Micterma, von Rosen 
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() Ia Austral the number of species in the termite 
fauna is somewhat low, bat there is « high 
peroatinge of umspociatzed and utchale 


The above facts suggest the following hypothesis: 

Sings in the Tertiary Epoch the genera Termes and 
Eudurmen were folly established, we must suppose that 
‘in Pretectiary times, whven the contosr of the great land 
‘masts was not the same as at the present day, 2 fauna 





‘The relatively pricutive character of the Madagascar 
‘termite fauna may be due simply to the fact tata forest 
‘comtry {s favunrable to Calatermas, but the condition 
1s paralleled by the persistence in Madagascar of the 
ancient Iemur fauna, which was largely replaced on the 
‘main land, 

‘The termites certainly appear to be very arcisic 
ingecte—far more archale even than the ants, This is 
uot surprising when we consider that they are desomied 
rom such primitive farms ap the Protoblattelds. But 


‘beanch of the original Hexapod stock (Palseodictyepter), 
Ye may be of interest to glance at these allied orders, 
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‘because some of tham have only recently come to light 





Piscine, ‘That ‘wets a compleaind’ aod a 
highly integrated an tose of the termites could arlxe 
‘much archaic forme conics the concasion, 





One other species is Kowa from Japan. Concerning 
. pomchalatns Hedard (2957) says: "This remarable 
Sie polar poeta, whi we thcbenl co wey 
in the ‘prowotum, which ws ‘ome- 
what hooded cephalad, in the absence of tegmina and 
‘wings aud ia the production of the sixth dorsal and. 
ventral absomical segments which completely conceal 
th genitalia 1n both sexx.” Hence the sexes cannot 
the 


(of fogs and stumpe in places where the wood Is soft, 
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(9) ia 19%4, Pofenor BM. Walker described 
the name Grjllate compodnfrmis (Fig. 32) 8 
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‘eam (x97) and Sibvesni (1927) would place it eet the 
Blatioidea and Mantoidea. Walker made it the type of 
‘8 new family of Orthoptera, bat Broes and Melander 
{eors) erected ox onder, \Goylicblattoides, for its 
stccommodation. Others have adopted xs ordstal samnes 
‘"Notaptera” or “Gryleblattasia". Comstock (1924) 
eaves the taxonomic stains of the insect uncertain; 
Hlandlinch (1924) asses it supertamily rank among 
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‘be alights indicates further thet, within a circumscribed 
radius, the female is visible to hm: 


1s 


9° play of the rays 


cof the setting sun npon her hallepraad wings rendering 
‘bet quite a conspicuous object “. 
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~The mating of thie speise 
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‘between the parents or ather adnit members ofthe ealony 


the 
ats, have to be transported to favournblo and 
xy from wnfavourabia conditions of temperature, 


growth at a mmuber of diferent and very definite periods 
of development. This arrest may affect both the some 
and the guaads es m the soldiers and workers ofthe Righer 
termites o© ft may extend to the soma oaly. Ta such 
aes “potent” eaay result and we have the com 


females, ‘éc). The gradual, 
metabolic doveopeacat of temaiten, with the 

epesntain ofboth sexs in the pencanl of 
the coloay, ceralaly prevents the basi for a. mare 
elaborate ‘than found amacg the ferale 
colonies of the social Acaleta, 
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‘A considerable body of literature has been 
cn the protease of which many species have bam dacribod 
since they were fit discovered by Lespis in 1836, 
Mace recently Bascaliont aod Comes (ooto), Imms 
gh» Jucci (1944), and Cleveland {agasa, 2923, 1924, 
$20) Jeo) re doroted coarsest 6 
‘the Intereating problems raggested by these unieelhiar 
‘und their possible rtle w syrmbioats. Grass 

1, by heating termitm to about 35° C., roconeded 

in ling of the protosoe in their bind.guts without 
Aajuring the termites themselves. He chimed that 
they lived several months and infered that they could 
digest wood without the aid of the protomoa. Cleveland, 
however, who Bas carried the heating experiments 
further ‘with Raicuilermes favipes, Termopsis, wad 
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Xylophagy has had at least two other faraeaching 
dicts om the social organization of the termites. In the 
‘rst place, the Dolky and at best rather slowly digentible 
‘ood seems to be responsible far their habit of feeding one 
another with regurgitated, partially digested “ stomodea!” 
‘end voided, more completely digested, “ 


various inllviduals pf the coloay wih the symobotic 
protouce. Brameli (igo) ala this feeding’ of the 
fermiten on the diguted and purtly digeted content of 





‘various methods of defense among termites, Bagnion 

+ * In tropical countries the termitm have 20 
‘muomies more redvubtable and mane they actually fear 
‘moore than the ants. Between these litte creatures there 
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‘ean inoasat strogg’s, en uplacable warfare which hua 
‘been waged without mercy for thousands of years, Hence 
the vatied and ingenious methods of defence whlch the 
termites have developed and which are ceazly all 
designed to protect them from the attacks of their 
‘aredltary foes, the ants.” At the same time it should be 
ie mes bros trae Nesp aay 

ems to be troe of one feotropical army 

ants (Doryling} of the genus Ectton, The African 
Dorylines, Anomuma, Typllopene, Rhogms et, bomevtt, 
senza ta be very food of them. There's a host of species 
(Carebars, Pedalgus, Aeromyrma, etc) which live as 
‘bief-ants in the walls of the termiteria end prey on thelr 
‘nbabitants, and an even greater Bott which drives the 
termites purtialy or completely out of their nests and 
takes possescon of their galenes. In Austraba thi is 
‘the regular habit of Iridowyrmes sanpenens unt of many 
ants of the genera Oplsthopas, Clooryrmex, Polyrhachis, 
Camponotus, etc. Another series, too aunmerons to site, 
‘behaves in like manner towers the African Temnitiée. 
Ope who bas wituesed this incessant and implacable 
‘warlare between the antx and termites af the tropice ca 
‘aly wonder whetber eventually the former may not be 
eatined to exterminate the latter. 

Reverting, in conciusion, to De Grange’s deimition of « 
society as an accumalative collectivity, we soe that the 
‘ott conspicuous accumulative activities, at least in the 
Righer termites, are architectural and the reeult of thelr 
Dbaving xz resorted to a food-eupply wioch was abundant 
sd rmy obnoale but not cnly auinibla |The 
peoullar furnished very simple conditions 
‘Which to establish their colonies, originally io all prob- 
ability ke thove of vasious wubsocial bens (Paseahss, 
‘Phrenapates, Parundre, Coceldotropbus, Micomalthut, 
tc)* Allof there insects Hive a cavities of plant tenes, 
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‘and between them aad their chosen lsgneous envionment, 
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‘Parvwonrzisu was frequently mentioned in the preceding 
lectures but Iefraned from disciseing it bocanse it keeps 
recurring in very neady all the social insects and could 
ot be viewed in proper perspective til thelr idiosyneracies 
Tad been surveyed. It is twenty years since I firt 
iscussed this perplexing subject (tgo7a). Tn the mean 
time it has been constantly im my thougits and I have, 
cof couree, consulted all the pertinent works to which 1 
‘ould guin acomss, At no period have the students of the 
social insects been so numerous, evinced a keener interest 
‘in or been better equipped to deal with the aubyect. And 
Jet tear made Me pes wes the solution of 

many prot the phenomena of 
ppolymarphism, I i, in fact, x0 iotricate thet although 
ave set apart two lectures for its discussion I shat! be 
able to present only x sonall number of its many axpocts 
and dificalties, Perhaps it will conduce to doamess, 
‘if T oonfine this ecture to an account of some of the 
leading facts and more obvions inferences and inthe next 
delve into the speculations which they have suggested 
and will no doubt long continne to suggest. 

It is diftcalt to define polymorphism, because the 
Phenomena to which soblogists apply the term in its 
‘broadest sense grade invensibly isto those of variation, 
rautation and etamorpbosis, of alteastion of generar 
toss (heterogony), predogenesis, seasonal and otber types 
otheteromorpboss and heterochramatiom. If we eat 
‘the term to the cases in which two or more diffrect Kinds 
of fodividuals of the same apecies coats, it melds, of 
course, semual dimorphism and the differences between 
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young und adalts, but as employed by entamologists, it 
ls property applied to the cofzistence of two oF more 
adult forms of the same sex, the “ pacilendry“” and 
« penllogyay ” of de Peyerimboff (1897). There are also 
polymorphic larval forms, cases of what Giard Sgt, 1804, 
+3905) called ~ poxilogeny.” I sball bave oosasion to 
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Aloemaies ih eer! duction and inciting 

the Bethylide, fourteen species, representing thirteen 
(Beuera and several families, as certainly thelyioewus and 





tunferulaed gga, and Lelby (aga) asserts that the 
fertlued egy of Copireme price, « polyenbeyeni 
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(Pane), which is not clearly distinguishable trom tena 
‘morphologically, and of which tama bas socetimes been 
regarded as a subepectes or variety, occut abundantly in 
museum collections, Having the opportunity, during ths 
summer af 1524, to determine the remit of perthenc- 


ecoglzed.* Picard (tga) has alo studied two of the 
European specaa of Hemitsi, fuer ad Jogucande, 
‘Tha formeria a geceral porste, stacking other praxiter, 
spec Ageia cori, vss Meeps 
‘Teathredtaidas (Blawnscampe puss) cad a eves, 
the eget of rye, Toe vauin tale’ podves ealy 
male ofopng. HF. lonpowuda, which ta u kyperpacaaite 


‘Flaally in the Aculeata, there are several cases m which 
females ase sid to have developed from unfertilized 


Importance to the problem of sex determination that bas 
‘not been contributed already by other Hymenoptera in 
‘ile llth poscttias mations are reced ender 
sage tev craig of nt 


‘We can hardly » an oe 
Acids tt a wor cate ort Pr 
Gitet mephcligal Cpe of the 

Sot ppinbpiod Sivaton of beer tang tu cagaly 
suonomerphic female members of the colony. Among the 
beee wea noticed the presence of such a caste in the 
Bombise, Melponine, Api acd Helitine. Tn the 
sooal Halil it io represented by ‘he steDe smmmer 
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(generation of females, which are sometimes sufficiently 
sitlerent from their mother to have bern daccribed an 
Attince species (Stbckhert, 1523). The socal species of 
-Allodape are stil ia too primitive stags to bavedeveloped 
‘< niuphologcally remgnisabla worker oaste, although it 





‘asrumed ‘the morphological characters which now enable 
‘us to recognize them 20 readily. If my contention, 
raterated io the preceding lecture, & corrsct, that the 
ants, termites und various groups of social ‘bees and 
‘wuspa reprevent phylogenetically independent societal 





may be divided into four groups, according to the 

Idioryncractes of their worker castes: first, the Hallcti, 

‘amblebees end four subfamilies of wasps, second, the 

Metpoatne end pina ba he, te and fourth, 
‘ant. 


(1896, x897) “ nutecial castration “(from madris, a narse} 
‘would go far towards accounting for the phenoment. Tt 
wil be recalled thet he gave this mame to functional 


‘mom Jarwe than can be adequately fed (sce 
‘Renbaud, 1926). ‘The feeble polymocphiam of the warps 
‘and in all probabilty also that of the bumblebees, are due 


‘While the warker caste in ware and bees seems ts 
sequice its sterility gradually sad before or during tts 
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‘morphological differentiation, the corresponding caste of 
‘termes, orat any rata the soldiers, seen to have developed, 
‘morphologically before their fecundity wax impaired or 
lost. In very primitive species idee Archotermopsis 
(Games, 1913) and evidently to some extent abo io 





if 


‘queen acquired the ability to drop her wings and 
Detvohonines Vratry ses cou! hen be ook 
down and sed m oowrishing her ovarian aggs and in 


Cynipide. At dist sight thare would seem to be Uetle 
‘to recommend this hypothesis, which was long 

suggested by Stomstrop and ‘von Sicboid, bat it is 
supported at least by Stckhert’s observations on the 
soe Hialicti (r923). Obviously, Halicur malecharas 
td the alied species may be most readily derived from, 
specie, of which there are several in the genus, with two 
‘tuna generations through the survival and wereasing 
longevity of the hibemating autumn feels and the 
[progresaive steriiation of the summer generation till it 
‘was redsced to the status of « worker caste, The ant 
soloay, too, if we accept the interpretation which I have 
‘given above, might be conceived to bave asivea by 8 
tdescoping ot two generations, originally with fertile 
‘winged nnd wings queens, respectively. Dat the socal 
‘wasps, eg, the Polybline, seem to me to present an 
‘nmaperable obstacle to Mrteri’s hypothesis, bocsusa they 
sre so dosely elated to and so matarally deriva from the 
salltury Eomenine, in which there ix no hist of the 
‘cocurrence of xa alleraztion of gecmtions, Nor do 
Mrkack'setternpts to for indications of such « condition 
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in the bouay bee seem to me ts be either cier oF fictions, 
‘bat the honeybee somms destined to drive bislogire 10 
atraction. There is nothing, oo far ax Tecan see, in the 
Constitution of tenmite societies to suggest an alternation 





ies aioe 





Cony") i the Jarre of certain insets Which as adults 
ate homomorphic. Twenty-two years ago Glard (1905) 
{viewed all tse knows cases im & camprehenalve Pape 
Thal dherefors cte only tro, ove that bas been more 
omély discovered und ove thi! bas been more caeflly 
{vestigated Sivests(cgo6) found tant there are two 
Very differmt type of iarvw im the polyerbryani 
Chuladid Litomashe trncatalias, one pouring T- 

<lesive oes and daveopang ito he adalt Ise the 
‘other ("asexual larva") whbout reproductive organs and 
ying without further developancot. The wame types of 
Jarvis were late found by Patterson (xor@, 1921) fn 
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‘that the larva of the Cecklomykds of the geasre Miastor 





‘there were found to be two types of padogenetic larve in 
reapect ta the sex and pupe and edulis which they 
uc, (0) mad pedaing et (amie pod, 
‘Thise two types of pedageactic larve are not morgbo- 
logically distinguchable” This would seam to meat 
‘that there are really six Kinds of larva, three foreach sex. 

Poiymonphien has acquired such a degree of complenity 
1m the ants (Fig. 3 and 3g), and expecially m the termites 
‘that it will now be advisable to concentrate oer attention 
nm these groupe, The male ant is a0 extraordinanily 
‘onservative and stable organism, althoogh it is known 
to be dimorphic, ia, to have « winged and an aptarvat 
phase in a few species (eg, Powwra sduerdi) and 
sclasively apterous forms in x few geanra (Anmpates, 
Formicoeenas, Symuyrmica, Cantiocoodyla), So far at 
sive, or stature is conoemed, it ray be used in mach 
‘pecen as Emery bas bow, a rough primitive standard 
mits which to compare the much more variable queqa 
fod wotker. The extraondinary racge of variation in the 
female tex of the Formicida is indicated by the fact that 
no tess than twenty-one diffcrest forms have bean 
reengaized, Of the aight are dearly pathological and 
produced cither by tbe presence of pamsited in the 
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‘colonies or abnormalities of embryogeny or Sarval growth 
(Chromosomal (7) or putrtional), four are merely expe 
tr delect developments i stature (uanism snd guntisn) 





‘very neatly the some size, and the worker difers from the 
quem only i the absence of the wings, somewhat smaller 
eyes and ccsié, simpler thorex and tsore or less abortive 
reproductive ompuna. From this stage, which 
represented by the most primitive subfemitie of ants, 
the Ponerinae, Cerspachyiue end Pseulomyrmine, all 
‘the following stages may be derived. 

(2) The queen has disappeared and the worker is fertile 
and capable of mating wth the male. This stage oovirs 
‘in a nomber of Ponerine genera (Discus, Rbytido~ 


‘Brachyrayrmesx, 5. Kidomyrmen, ete 
Ya) The ques ead water ase cary ail 

(Ge former increases in rise and the latter, becoming very 
stable oF varlabis, & represented by 2 series grading 
{rota Tange mexcrocepballe to small, microcepbalic 
‘individuals (Figs. 38 end 35) To taaccomée works the 


Ze nage act bes tee meant fo thee 
real Sy Bey Sts, aal bpm 
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members of this series ure described as “workers major” 





(OF the’ series in stage (4) the murine and media 
‘workers alone survive and the former is converted into a 


soldier (Macharonyrnes bowlycine). 
iO wana aegis the enaxime 


‘and ‘ainkmes of stage (4) are ne longer 0 that 
only the extremes persist. The maxima i then koown as 
soldier (calles, the minima as the worker 


|. ‘The female fs therefore now distincily t+ 
‘morphic (Pheidole, Cerstopheidole, Acanthomyrmes, 


(@) The queca dimppears and the soldier, becoming 
fertile, ansumes her rfie, while the minime aloue repre 
‘seats the worker caste. This stage is problematical but 


(©) Oaly the qoees and the soker farms persist, the 
‘workers being suppressed. This seems tobe the condition 
in the pecullar law-making ants of the gmera Polyergas 
and Strongylognatioa, 

(@) All the worker forms inthe series of stage (4) except 

20 that we have enarmous queens 
438 very ‘minute works of * single type (Carebara 
(ig. 72), Pusinigss, masy Solenopsis, et). 

to} The entire worker caste is loa, so that the epecies 
‘etn to a simple ama dimarpblet, 1, i eepresanted 
‘by tingle male nod female forms us in most insects and 
other Metazoa, The female of this stage, which ooaurs 

aly la certain permanently parasitic ants (Anergates 
Fe 2h, Wilt eB, Porudontta, etc.) 
$s seaeely larger than the male. 

‘We must not interpret these stages succeeding ono 
‘nother io a definite Linear series but as radiating from the 
frst stage whichis basic. Stages (2) to (te) ve evidently 
Arsen independently endl repeatedly in unrelated genera. 
I can boshows, furthermore, that most of the stages are 
Tespomes to pecoliar eavitonmental end ethological 
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requltements in Jat axalysis mainly of « trophic nature. 
‘This is perhaps most obvious in stages (9) and (20), of 
‘whlch we may take Carobars and Anerghtes ax examples. 
‘The species of Carebara (Fig. 72) are "this ats ” which 
Jive im the wall of the tenaitaria of African and South, 
‘Ameskan Teemitide. The nest i¢ connected with the 
chambers of the termites by very tenpous galleries, 
small to permit the Py 

diminative Carebare workers to eater und devour the 


L 


‘oF ecoummic rezone, prefer the tiny Pekiness dogs to kuge 
‘notifls an peta. Thve few facts and mary others that 
sight be adduced, show that the mamber and character 
of the female castes can be regulated by the ant eclony, 
8 the mbar and character of ts ces are egulated 
the body of « Netazoan. This regultion, which i som 
‘oth in the developenent and allitlon of castes, as ad 
contogroetic aswell as a phylogenetic aspect and is in same 
riapocts a very plastic, {3 others « rather rigidly dater- 
inate proces, depending apparent on the payogeastic 
age of the castes in the partialar species under 
observation. 
‘That the various female caster are adaptive can 
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searay be doubted inte they bars arom in the cobny 

‘exprension of a physiological and behavioarstle 
‘vues of labour.  Consderabie confusion scems fae 
been tntreduead by the recent work an the morphology 
‘of the brain of the ants and other social Aculeates and & 
{allore to take the facts of behaviour adequately into 
‘consideration. Tt sould seem that the fertile female, 
‘oF queen of the moe-panssitic social Aculate is to be 
selected axa fordiamental typeof which the variaus watker 
‘and soldier forma are to be regarded as partul or more of 
Yous codifed expressions or diferentitions. The 





than never boon dlapoted io Vespa cd Bambus, abd there 
{sno doubt that the queens ofthese insects have a 

nd more pertadly organized brain than the 
workers (voa Alten, 7910). The contention of most 
ssuthors that the differectiation of the corpora pen- 
tuncuhta of Dojeatin, o¢ “ maushrooc bodles,” a they 
are often called, which are sitoated in che anteior portion. 
of the protocersbrum, is directly proportional to the 
behaviourist capacities of the iuect, alia good of the 
queen, worker andi male brains of Vespa. In the honey- 
bee, hawerrer, as Jonssen (r969) has chown, the benia of 
the queen is inferior to that of the worker, but in that 
{nseck the queen is really « parasite ox her own colony and, 
‘unlike Vespa, quite unabia to bring up her ofspeing 
without worker aid. Is the ants most queens exhibit 
& beluvioar and brain expacity like that of Veope, bot 
some queens, moetly parasites in the colonies of other 
species, are deficient im bebaviouristic endowmrst 2d 
osoeat muller and les highly diferetiated brains than. 
the workers of the'r own species. The latier type, 
sccording fo my obeervatives. is exceptional, the foctaee 
the more prevalent and thls isthe basisof Mls Thompson's 
‘and my disagreement with Forel (1874), Petschicer (190), 
roger (1912, 1920) aad Broa (co23q). Fore iat 
‘advanced the generalization (1874) that the brain of tbe 
‘worker ant is superior to thet of the qaeeo in his studies 








‘ment (@) the. apparatus, incinding the eyes snd 
lobes, rh ‘he stcoe boi wd scene tia cutee 





‘The discrepancy between the results of Miss Tkompoon 
and myself oa the one haa and those of Forel, Pietschker, 
‘Zisgler and Bran on the other are diffinlt to : 
‘Two of the species investigated by Pietschker and Mise 
“Thompean are mally identical (Camponctar potsyfounont 
and iigwiperde being subspecies of C. herrulcanea su 
Lasins americana a variety of wipe?) ond allof us used 
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‘matedal in the same singes, ie, Inte pope betore Pig- 
‘entation. I mention this’ matter becanse Holmgren 
(1909) Ban shown that the Besin of the od phypogestric 
queen of Bnermas chapwisnayensis shrinks to two-thirds 
of its aise in the virgin qusea, showing that profound 


cf delafed queen ants at the time of the dissolition of 
‘thelr thoracic muncalature. Hence the comparison of the 
‘braizs of such old queens with thoee of their workers 
might seem to support the views of Fore, Pietschier and 


queens. Tt is singular that althongis F, schaufusi is ous 
Sr ind ir que fo teat entiag ny 
never act fy 
frst he alee by egrain with cma 
ata! 

‘workers, we should have condition ike that of the honey- 
bos or Tather like that of the Metiponing) aod we should 
‘be able to account for the smaller and more degenerate 
beni in the queen. 
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‘Tae polymorphlem of the termites, to which we may 
‘now tun, is more cumplicated thax that of the ants, both 
‘because it aflects the two sexes equally and becuase it is 
‘more elaborate in each of them. We may divtinguish the 
following ight castes, with sixteen diflerect Hinds of 
individuals — 

(9) Fle fom tesa feral roe gt an 


(9 Set oc maka td om tee Hn 


quem) 
(9) Ted Aes and female aru age 
‘and queens) 
4) Lacge lo a fonale woth 
(G) Smal tale and female works 
(6) Large make and female soldiers 
(@} Modis male ad female soldiers 
(@) Scull male and female soldien 
Probably no single colony af termites ever produces all of 
‘hese castes But five or erm six of them ane Sequently 
Spenser, Manor, ta mies may be oft vay 
‘ypes, moat specen having largebeadet 
* iaandibulre" Somes (Figs. 38 and Ste whe some of 
the gruera of TermutiSe have & very Gilerent Kod, the 
““pamuti" (Pgs. $2 and 93), with small bead and mara 
parts and 2 long spoat, with the frontal gland opening at 
Its tip. The malter ls complicated by tha face int tht 
worker, soldiers, and neotenic individuals, expecially in 
the lower teratiee, may be dilerntated af ciderent 
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‘supposed that as we advance from the lower to the higher 
‘termites polymarpiiam tends to increase, but Hobngren 
Delieves that the reverse development realy occurs. He 
ives the following series of the more moxamon stages, 
‘Which afford an interesting comparison with thote above 


sail irete udadh; demtive wetker pekabo, 
of a single farm (Rhinotermes), 

(4 Soldiers ‘@imorphle, of to, types, 
Large and small; aeoteaios and engutcids uaksown ; 
elatva wear ceria lt sos (Aaatbatertm, 

erzes) 

(Sidi (nadie) mocomonpof ny, er 
ype; and enptoids umknows ; definitive 
ehy dorphcs ot fee sem putea, Olea. 


tome). 
@ (rendibvlate) monomorphic, of one, 
smaller type; meotenics and engatods mknown ; 
definitive workers dimorphic, of two sizes (Odontotermes). 

(0) Solder (mandSbnlate) and workers monomorphic 
eotenies and. ergatcide of occasional ccarmnce’ (he 
(reat aaerity of higher termites) 

(8) Soldiers lacking. secondarily; workers mono- 
morphic (Anaplotemne:) 

Stns (amet sewodarty damorp of «shag 
type; workers monomorphic; neotenics and ergatoids 
‘unkzown, (Butera velo, apuiinas, group of E. 


trinareta. 
(10) Soldiers (nao) secondarily trimorphe ; workers 


‘manoenorphde (E. dsersisian, cesaneiceps). 
{{11) Soldiers taasat) secondary dimorphic ; workers 
momomotphic (. Aederspiers, esos and other). 
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(12) Soldiers faust) secondasily _ssoassnorphic 
Solan, moore Eola, ttt, 
Pett Fckgre usta owing commentary: 





species format 
which Thave already discussed. We leara, however, ut 
sack Dy may ho ain whut fete volley aot 

‘from the epecies of Eutermes of stages (9) and 
(io), where & secondary “lability ” vets im, “When 
‘ong the unts a polymerpbse worker class becomes 
dimorphic the condition is often said to be due to the 
dying out of the intermediate forms. Rt dots not seem. 


| 





sta ‘THE SOCIAL INSECTS 
Jou can only expres ii inthe emtogeny a a fall to 
Aevslop ott diferente. 

avg atl of fm Acne tan it wil bw of 
Interet to ghee at that of the temic, 
some east chervatins on cate ilerstnten have 
feed wm On og ap tn. y 
Saati aa 

Fw counprntive stay of 











Incomplete Giferestiation ofthe two lobes whote oe ae 
aot separated by a deep furrow, a8 in ants, and whose 
two cope or calyce are completely fused by intervening 

ft gin cl; the shaownes of the cup 


fioally in the smaller uisa of the extire mushrooms bodies 





Jn har Iter papers (1946, 29%7, 1919) Misa Thompeco 
describes the bras axd reproductive organs of the sexu) 
‘tora ns being perceptibly larger than those of the worker 
fmin.on hatching from the eggs Fig. 40). Her‘nteresting 
roeaiy are rummarized is & paper by her snd Spader 
{aug): “Thoarzooa (igt7) fds that in Rahiallarmar 


POLYMORPHISM 1s 
fevips the vamiy hatched ayeapha are extersaly all 
‘ike, but are diderentated by inter] structural char- 
‘acer into (wo clearly deed types, the reproductive 
fd the woskerealdes types, which give rie respectively, 
‘to the three edult mprodacive castes uad two adult 





| 


‘exsist mympbel stages and 


Iebeving that there are two structurally recognizable 
types among larval termites at the time of hatching. Tn 
act, “ measurements of scores of recently hatched young 
lseiosa no differences other than those of ordinary 
‘variation, ether in width of head, number of antenna) 
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[persist and enlarge inthe later stages of the repeodactive 
favte, and, of scallar alee, they Sreqoently occur in the 








ehistory of the soldier. Unlike Miss Thompson and 
Snyder (cgxg} and Jims (xgr9}, who regarded the nasute 
‘ust separate caste, Emerson believes it to be a specialaed 
‘of the mandibulate soldier, The proces of 
‘specialization is actually shown in the genus Rhioctermes. 
“The facts indicate that the large mandibulate solder of, 
Rhinotermas gave rise to a minor solder which gradually 


Hi 
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primarily 2 defensive or protective caste. While this 
‘ute is univerally present in termites, eaccpt in the 

{geo Anoplotermes, where it hax box last secondarily, 
fhe been dealuvey deveoped tm comparatively fev 
gmt, Aod wher in termites at shown ty 
Mastotermen, Arcootermopsis, Teruoptix, Calotenaee, 
‘and perhaps Hodotermes, it has preceded the appearance 
‘of the worker fu phylogeny, in ants it bas ap certainly 
difierentiated out of the more primitive worker caxte. 
3h the latter thee is only one general typeof vokdier, the 
mandibulate, which is also very geoerilly developed 
saong the termite, but is some of the higher Termitidee 
(stern), a8 we hws non, this i replaced Ly a second 
type, the ‘nasutes, There is, moreover, « differmoe 
‘botwoon the ants and termites in that the soldier of the 
former differs mmeh less from the eoepacifc queen and 
‘worker io the size and conformation of the head and 
‘mandibles then do the soitiers of the latter from the 
conpecific worker and semusl forms, 
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‘that can be projected against and disable their enemies, 
marauding ants, This gland in certain vpecian, 


apltarmss caylonicas, 
opal (1910) and Bugaion (rors, 192; 
developed that it extends beck into the ebdomen snd 
vocupies a considerable portion of its cavity. Other 
‘singular conformations of the besd in voldier tensites, 
‘very unlike those of the adult and workers, arn saan als0 
in some mandibulate types, like Capeitermes, the jxwe of 
which wre long, narrow, twisted and ery asymmetrical 
‘and enable ther possessor to leap into the air (Bugnion, 


‘Very singular is the type of ant und termite soldier 
‘which has the head eodiged to ft the extranes of the est 
aand reader the ingress of enemies dificult or ty 

Sigetpeone de pagan d 
_gencs Ceyptotermes (Fig. 42), thongh the soldiers 
‘tho allied Culotermes use the head in the same manner. 
‘As usual, the modification occurs neither ig the uymiphs 
of Cryptotermes, which function as workers, nor in the 
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teeponse permits her to exter, I find this sume type of 
cee ey alee ae a 





line, asoning to Stary bgp, wale oat tna 
cases made of leaves, the porterior end of the body is 


(Bufo empusus of Cae) acd treetops (Eiple Nchonsta of 
Jamaica) whlch ccchde theic tuzrows with ther bax, 
Decatarly modified heads. Still other cases, in which the 
Pottertor ead of the body is eimilaly adapted are the 
‘inall srmadillos of the gemus Chlamydophorar, certain 
‘Uropetil suas, according to Barbour, ant the Mexican, 


rent). 
ince there isa general term to cover al tase pecans, 
sporniie and convergent modifications of the cals of the 
‘ody for closing tubular cavitin, Thawe suggeted the 
‘word " phragmons, from Seace oF barricade. 
roca the evulstionary and behuviouitic points of view 
a ona of tbe mont striking and effective 

‘mathods of prntection and dafcoce, would son to deserve 
‘more carefa) investigation than it has received. The 
Piiragotic insect, iastead of voceting or constructing 





F 


stopper, like the opercalms or epipbragm of sexily and 
‘the earthen or aiken barricades or doors erected at the 
‘entrances of their borrows by ants, wasps and (mupdoor 
spider, actually employe for the purpose « specialized 
portion of it3 own body, thus affording x proof that no 
hard and fut line can be drawn between behaviouristlc 
‘activities om the one hand and pbysiological and morpbo- 
isuaic procestes on the other. The phylogenetic develop- 
‘ment of phragmotls is obscire. The ante and termite 
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Wane we turn from the facts of 
ascertcined by observation and experiment to, that 
interpretation we xt once Gnd ourselves involved in the 
physological problems of ontogeny end growth, of 
bloray. ree nd of tei o eat 
‘act m all the really foodamenial 
Biogeal pobiean or ter a wo s ola rasea 12 
smuppoes that the drvelopeneat of the castes among social 
fmecis requires any new or mmussel explanation since 
intelligent behavoons, which plays a sls #0 considersble 
and so nique im the interpretation of buman societies 
and gives such scope for diversity of opinion among 
sociologists und philosophers isso feeble even inthe social 
Acueata as to be quite neghgible ix comparison with 
‘thelr physioiogeal and instinctive activities. Ia my 
‘paper on polymorphism, published in 1997, Tendeeroured 
fo treat the subject from a number of points of view, 
ut ere it sens est to reduce the problem to te 
Akemative between predetermlastion 204 
Scores hee 
nto two cup to those amoag, =, 
‘who are either Platonists or Aristotelans, ideaksts or 
rallsa, satis oF ecopridta, stinctivita or evirun- 
‘urutalita, etc. The morphologis, primarily an observer, 
naturally intines more to the predeterministic, the pb 
‘ogist, priacily an experimental, to the epigeactic 
‘view. “Hach tends to a onesidad interpretation of the 
fets, and both, we are now convisced, are right—there 
fs pradeterminiam tod there is mpigenesis in organic 
development, but there ia stil aboodant opportunity for 
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divergent opinions on the scope of the two factors io 
‘any particalar case. In fact, present day gructicets 
and Physiologists are early es widely aeparnted ax 
‘were the old preformationists, or evolutionists and the 


a a 
of the two or three female castes of the social Aculeatas 
Py lp eeiepreghees 
te Carns cates ta wa at hte Caen 
Sretecmec deere teiey na 





‘acqufition and distribution of the food and the education 
of all the caste, its own, of course, included. Hence the 
differentiating factors if not blastogenic, or in the eggs, 
-nst be trophogenic or due to differences in the nutricial 
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‘bebaviour of the works which determine the sock! 
medium. But evea with these restrictions the problem ot 
polymorphism stil retains en eupeating compleaity, 
Tings thera ere at last six posable intrpretations, wich 
may be formulated as fellows: 
«off TS alla an the sera. worker and 
castes are differentiated or proce by the social 
medium by means of larval feoding (Grassi, Marchal, 
‘and all melittalogisty). 

(2) The wvarioms castes are predetermined in different 
age Dat the predeterminstion is 10 feeble, or 90 in- 
completely established, that the feeding of the larve 
may reverse or abolish i, with reaultseseentially Eke those 
of (2) (Bouviee. 

(3) The castes are predetermined as such in the eggs, 
Le, each caste develops from 1 éifirent kind of emg 
and the trophic influence of the social medium bts m0 
‘morphogenetic bat at most a quantitstive (magetc) 
‘lectin determining stature (Bugnion. Thompson, name, 
te). 

€) The castes are predetermined to the extent that the 
cays are all alike, but cach bas either 


(s) a set of lds, determinants or genes which may be 
activated by a particular kind of food and thus 
‘Produce a specie cate (Weismann), or 
© tentit susceptibilities, or potentialities 
. veact specifically ta a particular 
ind of food. (Eimury, 0 Hestwig | 
a2 Tat cata may ba Baro (9. some Bee 
‘social insects, and trophogenie (x, a) in others. 
soma ere ‘the sune species may be 
‘biastogeni, while others are teophngenls. 

‘You will abserre that the distinctions between these 
ponalble Isterpretations are rather eubele, espedally in 
gerd to the cature of the Blstograi determinations. 
Since they must be hochemioal and physiological and are 
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stil unknown, I shall not waste yoar time fo discussing 


which we, my oftsioa, revamping of 
‘Welumauaian falls ane at best ptotograpis of the 
problem in language. All we really 


stature whereas the latter may determine 
differences, If we take nutrition in « broad piysologyeal 
sense, we may distinguish foods that are utilized merely 
in the martabolism of growth, maintenance and raplace- 
iieat and thore which have a stimulative or excitatory 
efit on the metabolic processes. The latter, even in 

‘minute quantities, ike the vitemnings and 





‘hey probably oocur. “It should be noted, furthermore, 
‘that it ia not the food administered that i effective but 
hat which ts actually assimilated and, as we all iow 


POLYMORPHISM (confimuad) 198 


from experience, this depends on the physsingical state 
sand appetite of the organiem.? 

‘That difierences in the quanisty of food consumed by 
the larva affect the see of the imago ia known to all 
entomologists. Weismazn (:8¢2) eared blowfly larveon 
‘iflerent amoimts of food and obtained very smal, but 
fertile individaals. Whether they actually laid as many 
eggs us unstarved individuals seems to be donbtfal* 

‘Similar experiments have bem pevformad by Herms 
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nothing like so great a resistance to starvation in 
larvae of the social Acaleata, there ate cue of un exten 
‘ordinary ability to pupate precocomly on a very small 
‘meant of food. Thus i certain ants of the genera 
Doryias and Carcbars (Fig. 73) the mimote worker pupe 


tre several thousand times smaller than 

‘By whatever means these difrenoor may be 
dedermined, it is cetam (hat the mere quastity of food 
fadmimstered fo the larva must be wx errata! factor in 

itaisment. 

ti well known that the social Veopiie fond their 
larve with pellet cocsetngof calanated imectsmoktened 
‘with saliva or other ral secrebons. There ls some doubt 
0 to whether hooey is fd tothe larv even by the wasp 
‘whisk Babirully stoce it ia their comb, Bot the 
alaxated soft parts of insects srs be of very aneqoa) 
food valve. The difecences between the workers snd 
queeat ave 10 scall asd intemmediate forms aft. 10 


| 
i 
é 


i 


the social Veoplde, thereiore, there would seam to be no 
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season to appeal to qualitative dillcences ix larval 
feeding to account for the feeble dimorphism of the 
fcale oe. 

‘Caste developromat in the hmmblebees, not 
‘he great dflerence ithe qualty of the fod, sw simi 
to that of the Veepidie that we shoald naturally expect 
the cantes to be simBax and to be merely quantitative, 
In the honeyboss and stingless bees, however, the matter 
{a more complicated. Most authors seem to asnume that 
the somatic diferences between the queen and worker 
Doneybee are directly detecsined by qualitative differences 
fa larval fending, but comparison with the Mehpamue 
suggests that the diflerences in food primarily afsct the 
{artility ofthe two castes and thatthe somatic dillerenoes 
depend on or are corteated with the developnaent of the 
‘ovarian fismues. Sdvertsi (rg02) end H. von Tbering 


00d, pollen and honey, and an egg is lad in each. They 
‘ar then sealed up, and although the larva are not fed 
‘rom day to day as in the honeybee, but lke those of the 
solitary bees subsist on stored provisions, their uniforin 
treatment nevertheless rasa is the production of two 
shurply differentiated female castes. But on emerging 
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‘refed on difecat substances after th fist two or thawe 
‘days of this pontembryonic Lives. After that time the 
‘worker lara is gives pollen aad honey, whareas Ue ques: 
lar receives peculiar pap, the“ royal jelly” which waa 
by Sehlemens (7883) regarded as a salivary secretion of 
the worker nurte but by voa Manta (1885) and Seboold 
(2899) us partially digested food regorpiteted from the 
lyfe stomach, More recently Metser (1910) and Zander 
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Esxpenmental beekeepers have repmtedly damon 
strated the fact that en egg or young larva fransiered 
fromm a worker to a queen cal where itis fod on royal 
ely, oraallva, becomes a queen. The experiments have 
deen more reotly repested by Klsin (tgoq) and von 





{he worker larva bas boas givea the aaze kind of food. 
‘But uf Che same experiment be performed with Lares 
awoandahall (o threcande-bal days old, there ie « 
oufain small dilleecce, the reuliog queens beg 
Atighly smaDer and the las, which are vaya paler 
(he quien than fg the worker, being spotted with blac, 
‘expecially the bid ble, where there isin the lattes caste 
Aconcavity, the cortula. . . Bat unlarve that have 
reentlaed tthe workar call about four-and-a-half days 
{od ae te tmoatrod fo qos col, ten dual 

‘7 more like workers) swing to tht 
‘tects of the larval ood whch Yor tbe qos es 
different composition after the sed day.” Klein also 
translerred 2 one-bal to cnoand-a-hal day ok arva from 
4 work to 8 qanen cel, Jef iti the inter to days aad 
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typical wocker und queen, comparthle to the series 
‘wblch is normally present in the colonic of wasps and 
bumblebees. 

Tn the ants it bas been imposible hitherto to demma- 
strate a precise dependence of cante diffcrentintion on 
food, because these insects not only themselves ext such 
a vatiety of mbstances but also fend them to all but their 
youngest lurve. The substances range all the way from, 
[Porton of the most divers insects to the softer purts of 
‘seeds, the nectar of plants, the saccharine excreia of 
aphids, coccds, etc. und the hypie of fungi. Some 
species are exqolsitely entoosopbagos, others Incgely 
‘aphidocoloas or cocnidophulous, others exclusively 
‘myestophagoss and x few, We Solmopiy gemenats, 
aight be called omnivorous And yet notwithstanding 
fal this varety of nutriment nd apart from certain 
“exceptions du to paracttise, the whole famlly exhibit & 

female dimorphista or pleomorphiaes, The 
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‘roe which the juioes have baen extracted by the worker, 
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fama stature, im all Frecdoeyrmine* The youngest 
larva, tll tele jaws are strong ecough to trturate the 
pellets, ae fed on saliva, and perhaps the same substance 
bay aso be given to some of the older larvm and determise 
theirdavelopmmt axqueens, butof thisthereisnoevidenoe. 
‘Ab second exarople we may select the Atte ants of 
the American tropics, a tribe of Myrmlcine which 
“unilormly fed, both as larve and adult, on the myceliom 
of particular fing! cultivated on a sabetratum of trturated 
leabtineae oF the excrement of cxterpillars or bectes. 
In Atta, the most highly specialied gemns, the eolonies 
are very populoas, the queeas are very large and the 
worker cate exhibits a long seis of forms grading down 
from huge-headed soldiers to minute forms which never 
leave the nest but devote themselves to caring for the 
fongosgartens (Figx. 4¢ end 45). In Acromyrmex, the 
queens are smaller and the pleomerphitm of the workers 
legs pronouncad, and is the lowest gener, Trachymavrmex 
Ge 40), Conbomymaes, Sedeomyrmer, Aptersigna, 
‘are wey scall (he workers mono 

(morphic and utegacu’y clea the quem Ine 
latter genera, an I bave recently observed in colonies of 
Panamanian Sericocayrmex, the queen mother scalters 
Ihee eggs among the fungus and the hatching larve feed 
‘an the myesizim within reach of (herr muoath parts, 
‘which, as in other Attias (Wheeler and Basley, 1920), a7¢ 
Deautifally adapted for punctunng the ‘yplue and 
imbibing their protoplasmic cocteats. The wockers 
‘ceasioully transport the larve to fresh pastures Ext are 
mover seen to feed them directly with cropped fungus. 
Atta, however, according to Tanner (x89a), employs the 
latter susthod' of ‘muning the young. "But whichever 
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The fending of ent-larve with regurgitated lqisde 
bas been observed by 2 number of cxyrmronlogists (Mise 
Fiekle, 90%, Newell, 1909, Newell and Barber, 2903, 
Reoary, xor8, myself and other) and is socne spectes 
(Dollchoderiae, Formicine) 


ate may be even eee peso ety and se a 

‘and Pogonomyrmer trgsamnts of wads. But the 
a open ea cn ated 

Pr obwervaions inchoate Uatt at lent the older 
queen and toldier larem are similarly treated. The 
composition ofthe regugtiated Uquld, however, is act $0 
aly somrtaned. Ie imny const of sala or iq food 
from the eropor mixtere of both. Theres one instance 
jn which we know thatthe arve are fed throughout thels 
Jncval fp with pare save and that ia the fet brood of 
the eolony founding queen. Although she may take mo 
Sod for sight or alne months after lewving the conteraal 
seat for har nuptial Sight, she i able nevertheless co being 
1p & brood with ier sat alone. Bet fs brood oom 
hoes aay «few individaals, which ae, aareower always 
Small and abveys workers! Hee the sallvary dict 
‘ariainly does ‘at produce soldiers or queens and the 
‘itasautive sine of the brood and of ix mumbere shows 
that the quanty of the food may be more important than 
ita quality. Thet the condltioas wre not due to 20m0 
couristutional incapacity of the queen js proved by te 
{ack that ia the paracitis nate whowe quent ay their Sst 
‘gs 7 the colonies of other apecie, the stature of the 
‘mingling, adults {snot diminished, sion they are 
adequately nourished during Sher larval etagen by the 
‘ort works, 

"Tha intimate dependence af the differentiation of the 
‘queen und worker cartes on food in beasttlly shown in 
‘he growed ofall Accleate colonies that are eatubllsed by 
slagle queens. The firt Brood always consists of call 
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the qvomns produced. This is most ceasty shown in ante 
ielpobmornne votes ie Ate, Pee Yao. 
ingeton, Camposctus (Pig. 47), te.” Pree (1908) bes 
Investigated tho growth of Camponotat ‘pewneyionnicus 
felonies with the folowing remita: ‘Tae workers ofthe 
fet brood are of he very sales type (unin wore) 
‘aad tho Largest, or mixizon workers re not produced tll 
‘bout the thind your, when the coloay compa about 
{90 to 7,200 individuals. The queens tnd males do Dot 
‘Tppenr tll the third to cxth year and uot til the worker 
population macs a,000, A very ala dow sucomsioa 
Sf tall workers inge worker, sldies, nooteioe and 
royal forms it aio observed fa the growing colonies of 
eimiter” The ‘phenomena ta so constast and ao 
obviouly dependent ca the gradual improvement of the 
‘trophie satan of the wnt and termite colony aa to faraish 
‘oncof thestrougest argurcatt in favour of te copbogeake 
Dypoleis of ests dvieestation. 
«dar fom sherri of he fog of ant are 
and expenzeats tn rearing ther under controll can 
(ove under comdcraton,suay ty shecving tht 
a benrving the 
oct of certain parades ofthe divide fare ah 
Gisturbances introduced mito the Hophie behaviour of the 
colony’ asa whole thrgogh the presence of ceratD 
tayrmecophulen Four examples of such "experiments 
‘of Nature " may be beefy Bescriba >— 

Ya ay sowed Inrore T dwelt on the Kucbuzine 
Cake, whore planidsam laeve wisea tatroduced lato 
tnt nests, sete om the larvw or sexupupe tnd rock out 
‘heyy juleek In the case of Oresema onider (Fg 6), 
‘wluch T observed ip Texas (19074) salerting ealones of 
Phedole insti, the planidia attach themselves to tbe 
macs of the larva of semipopa snd after wihdrewing 
‘ficient matrmment, ie 20 many loches or vempite, 
fad attaaning thes own secupeped stage, drvp off and 
Couple ther development ae indepenient organs 
‘The’ affected. ant larva or sempupe Ie aot llled 
Immediately but may actully pupete though i unable 
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ty became an udu. Owing to the withdrawal of 50 
iach of Its substance, the pupa i pecallar ig exhibiting 
‘certain characters of inferiority such es the smaller ese 
of the head, thorax and eyes as compared wath tbe pps 
‘which tt would have formed had the larve remained 
‘unporasitined, Tt therefore belongs to new nonviable 
or" te caste, the repult of mere mecbanxcal 

ral of the body juices and of the ability of the 
larval to form x symucetzicel but microcepbelic 
‘whole, Were the adult capable of emerging and taking 
rt in the activities of the colany, von Buttel-Reepen 
and many geneticists of the Neodarwinian school would 
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‘Theve mermit Inad been seen in 1898 by Crawley 
{rorea) and described as brachypterous to 
‘them from the ordinary females. Thave 


Lass neomger (29103). The parasites were 53°$6 
jong and Sled the whole abdomen of the ants, s0 that fo 
the Rving specimens there could have been little left of 
the eeproductive organs and fat body. There was nothing 
‘unusual about theve queens, exospt tbe somewhat emaller 
fend and thorax and small sie of theic wings, which 
measured only 6 to 6.5 mm. in length, whereas those of 
ormal L. neoniger masare 10 to T= com, In xga0 the 
ctash myemerologst Doausthorpe (rot) fond naraeross 
smermithogymes im a colony of the types) L niger and in 
She sme gear Conway and Bayi (gat) pod 
detalled account of = umber of memithogynee of 
Serer tad ake, sm Sesion of te Mera 
Gi, marmacpa Bays. Ry (ie) dete wo 
‘ematbogres of Lana mat ver. rons rom 
aly, and more reenntly Vandel (1927) bas deneibod 
Imermithergates. in Phaidole pollida trom Southers 
‘France, These had bom previoady seen, bet interpreted 
sas 0 ew species of parasitic ant ("PA sybils" by 
‘Waxnnans (19096, ror). 

‘The brachyptary ofthe mermithogyzes is very probably 
dir tothe wide of thoracic materi Uy he Mera 
daring larval Hl, bot the varions mermlthergates are not 
taal iterpreied. The Ponerine described by Emery 
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teen to be in part abori:ve exgatoid females and in part 
modified workers, but owing to the rimilarity between the 
‘uormal quowss ad workers i that subéamily, we need 
ouch more mates for an adequate understanding of 
‘the phenomena. In the two species of Paeldale (absurda 


deka cu ur, agenes sd 
‘eminence ei nga 
toate of fer pear uct We mar pap 
cept nas hr ee 9 Sr 
iss, ix increasing the appetite of the larva und thereby 
‘Satay te op toc fe er ey 
tad ped main tg roars itt 
per tt bay, poy thease sano 
Passe slag bocbene onthe pring Sco 
‘the larva. But whatever interpretation we adept, the 
ang cae fa Sea mw aa 
erates poms cant pom ott 
craic eoe ee 

Te tne SO ie omen ht of 
aye btn of i a he oes aa 
Sines diy Wane ar a i Dy 
citing Vaca eked 

Roce Sit delet w aes Gass cate va 
ty Tames ee he Satan et ye 
eae alta doom eee 
SepaSa cay Shel ag ae ee 
Hie Emote pee oy tone Grae Lame 
‘hin fog 9) tat Mec, ear Pek 
Northem Avia, and Xenodusa (Fig. 4g), mown only 
from the United States and Mexico. The species of 
[tnt so See he fr nen a 
former living during the ewmmer and breoding in Formica 
Cpe ethernet 
‘also breeding with Formics but hibernating with ante of 
Se un Clap Lecn ed 
i tay on orl npn wd we res 
Gogo! e jar” Te sha fvin ae 
suk meh te Thy of arte 
Seeger 
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hhavelong, mobile ante short elytra. and a volominos 
iibdommes which can be curled up over te thomex and 
‘provided on each side above with a segmental series of 
Deautifel golden trichomes. Atemeies and Xenoduaa beg 
‘thar food from the unta by stroking thet eecks with the 
foratoat (Fig. 67). ‘The larve of Xenodusa are active, 
velong ap ud nploy hn ane mtod a he eta 

the ants to regurgitate. They ako devonr 
{22 deeedies Formica arte "Tue ado Lame 
snore puuive in its behaviou' and see ity untemum in 
swlicting food. Is larve (Fig. 49h) awe very short lex 
fad being unable fo run about le qulethy among the amt 
‘rood. ‘They devour the brood and ase also fed by 
regurgitation, Tn all probaly they weerete fatty 
‘exdates which are gretly appreciated by the ant, AL 


Lomechuse larve often destsoy the greater part of the 
brood, 30 that ia sanguinea colonies heavily infested with 
‘the parasites the queen lame develop atmormaly. Either 
hey are neglected or the ants actually endeavour to 
convert them inta workers, becanse they feel that this 
caste is inadequately represented im the colony. But 
‘whatever be the treatment of such queen larve, they 
velop into pathological adults, knows aa” pusudogynies 
(Fig. st), abortive creatures, revambling workers in site 
and in the shape of the hand and gaster, bat with a more 
‘voluminous and convex thorax, approaching that of the 
queen. They are paler than the normal workers and very 
aay, cowartly and incompetent. Usually they con- 
stifute $ to 7 per oent., less frequently 20 per oma, or 
ore of the Personnel of an infested sexguines colony. 
‘Their appearance in x nest indicates that the colony is 
in a duumoed condition and on the road to extinction. 
Similar pauedogyses are also produced in the Forma 
colonies infested with Atemeles and Xesoduss, but not 
{9 the Myrmica end Camponotus colonies in which the 
‘beetles hibernate, beenuse they do uot breed anong their 








tthe queen's eggs as normal individuals. 
"When ants theatelves become parasites t the colonies 
‘of other ants, the bebavioar of both species is necemtil 
‘odifed, beats the socal enviearent of exch ts 
Leaving a fuller considerstion of this matter for « future 
lecture, I wil give only one example which shows that the 
‘wodifeations of the Uareptic behaviour of the parasites 
aay be reflected in the structure of their queen end worker 
“Years ago (t9ot, 199g, rgo7e) I feud in 
the bil of New England and iter io the mountain of 
Colorado s small ant, Leptchoras rmersomi, which 
‘ways asiodated with a larger Myrmicine, Myrmica 
equedensis. The Leptothorex indalst small chismbers 
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‘ons the surface of the Myemica nest and connect them by 
means of tenuous galeries with the chambers of their 
negkbours. The Lepeatharax workers spend much of 
thet time fo the Myrmica nest where they keep mounting 
the bucks of the workers and ansidualy Heking thelr 
odiee and expecially their heads and mosthparis. The 
Mymmicas seem greatly te eajoy these attentions snl 
fom time to tine reward their btle riders with dropieta 
of regurgitated. food. But while the Leplotborax 
fcrogate to themselves the right to mingle freely with the 
Myris and to Sattar them into regurgitation, they 
smuent the intrusion ofthe latter fnto their own habitationa 
‘and inst on bringing up thet brood in perfect seclusion, 
(Owing tothe abundaace of food thus race’ved nod potty 
to the large amount of salva it contains, the Leptothorax 
‘rood produces an enormous proportian of forms inter- 
metlate between the winged queen and regulir worker 
caste, One of my former stents, Miss Margaret 
Holiday (1903), from « careful study’ of one thousand 
pecs of Leman, was abl 0 dtingish ove 
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‘Their extraondinary frequency in L. emasoxt mmt, 1 
belleve, be attrbuted to the unasually favourable trepic 
‘conditions under which the laree ase reared. ‘Evontion 
In this case might be expected to kead eventually to a 
limination of the sterile worker and a Teta 
to two vary similar fete types of female, one winged 
and migrant, or colony-founding and one apterous and 
‘corbining the feeuntity of the quoen with « behaviour 
‘more like that of the worker. The foregoing examples 
‘will ufos to show that in the Formicide the female larva 
ie much more plastic thas that af the eoclal wasps ad 
bees. This is obvious, of course, also from the greater 
‘number and more pronounced “diferentiation of the 
fey castes in many of he genes sn pec, 
passing to other matters xttetion aay be alle 
Bipot geet peg rity detent 
principles, or laws of larval and prepapal developanent 
ants and other metabolic insects, Emery formai~ 
law, which he calls that of the “ antagonism 
between Inad and abdomen,” as a remot of his study of 
the memmithergates, as follows : " The principal function 
of the larva is to eccumalate provisions i the form of the 
{fat-body for the labour of metarcorphosis and to prepare 
the rudiments of the imaginal disks and internal orguas, 
‘Thaea rudiments nad themselves tothe competition which 
‘iss daring the prepupel stage wheo the ant's body is 
Giflemlated isto bead, thorax ané abomea. The 
‘organs essential to life, notably the mtestine, which is 
‘Stusted io the abdomen, have the prefermot and the 
head and thorax divide what recaine (smalbheaded 
worker}. If the provisioas are more sbundant, the 
imaginal diaks of the head, whieh are most voradious, 
attract the surphas to themselves Gasgebeeded workers, 





POLYMORPHISM (comnesed) au 
soldiers), Fivaly, if the provisions are very abundast, 
‘the rudiments of the ovaries and imaginal dleks of the 
‘wings intervene and the thorax and abdomen grow at the 
expense of the bead (winged female)" Undoubtedly 
‘this law has considerable valns 28 a general deocription of 
the oniogeay of the various castes, not only in ants but 
tbe fa the honeybee and the termlter, It is, however, a 


reversed, in which case, acconding to the atrength of the 





development. On the same principle we might also, 


conditions of the ealoey. 
Esikov (1926) has receatly shown that the ovaries of 
‘worker and queen ants are more intersting pst organs 
‘which react with acceleration or retardation of develop- 
fet to tropbic simeli epplisd during the early larval 
stages. Te has lag been known that worker ants ba 
{ower ovarian tubules, or ovtrioles than theic 

queens and that the number of ovaricies is 
‘Proportional to the six of the fadfvidual worker. Thus 
‘in Formica rufa there are caly two tubules In each ovary 
4m srall, four or five iz medium und six in the largest 
workers. In Camponetus herrleanws tho number varies 
from one to five in « corresponding series of individuals, 


uh 


only if starvation occurs before the evary has pro- 


‘of worker honeybees Ge p. x99 voix). In this case, bow- 
‘ever the supprisloe of ovaries oocars during pupal Hit, 
‘whereas fn ants itis carried back into the larval stage. 
‘Within recent years the active discussion of caste 
differentiation in the sorial insects bas shifted from the 
‘Acalantes to the termites. Grassi concluded that hatching. 
‘termites allhave the same constitution and that the castes 
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are the result of quulitative footing. The feeding of 
‘aliva to the nymphs Garing their early Innis apcleratea 
the development of the reprodactive organ co that fertile 
semua) forma of the fiat, sctond and Cid forms result, 
‘Taote of the second and third forms are nootenle beouye 
‘the development of their somatic character (wings, eyes, 
Pigmentation, ete) wre simultaneously inhibited 
‘question of castration by the protoroa in the hind got bas 
veto te an unnecary completo, sec it has 

abown tbat they ere not parasites but wood-digesting 
symbionts (Ceveland), which woul? naturally disappear 
from the intestines of individsals sourished with saliva 
only. The worcer and solders are forzas Exhibited both 
socoiticlly and sexually by 2 constant diet of wood, 
dither rade or partilly digested, and feces. This 
‘nnception of caste differentiation i the tenmites has been. 
accepted by Feytaad, Warum (t908s), Heath, Escherich 
Jucd and others. It lsalso accepted by Holmgren (2999), 
‘but be believes the production of fetty emulates from the 
skin fo be the stimalas that determines the differential 
Seeding of the varioas individuals. AN the larval stages 
‘nd all the castes peodace exodates bat in very diferent 
quantities. “The quantity, und possibly, alo t a degree 
the quality of the exudates, “i the object of am amical 


fnereases, sluce the adipose tissae stores the superfoous 
Sood. and gives it off in the form of exudate. Now when 
the so-called indifferent larvw hatch from the termite 
es some of them may receive a litle more food from the 
very beginning. These larve berg better lad, secrete 

‘somewhat larger amount of exsdate than the otbers and. 
‘this may signiy for them « diferent development than 
‘that of the larvar which are moore poocly sounshed, 90 that 
‘they appear in the next instar as so-called ‘small-beaded” 
larva, whereas the poorly fed individuals moult a 
‘Warne beaded" larve. The ‘smsll-beded ’ are the 
larve of the sexual, the “large-beaded" those of the 
enka individuals.” Holmgren believes thet the farther 
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diidmentiation of the former info workers and soldiers 
‘and of the latter into neotanicn und royal formas is also 
duo to quantitative and qualitative dtferences in exndate 
‘timation, 

Neier she ves of agin Min 


wen, of tt predetermined in the egy Buynioa’s 
obeecvations oc Butermoes are, 1s we bave seen, very 
oubthi, to my the least. Miss Thompton and Suyder 
‘admit that hatching termites aze al alike externally but 
‘laim that they are internally ditingnishablens two types 
diflering in the site of the bras and reprodistive ongane 
and that ther further difarentiation os defmitive castes 
Ss also due to intrinsic, or blastogenic and not to extrinsic, 
‘or mntstional factors. They therefore regard the castes 
‘5 mutations, comparsbe to those detected by De Veiee 
in Ocnother, and are inclined to interpret polymargbism 
ana Mendelian phmomcam, But te obvious that the 
Meodelian bebaviour of the canes can be proved only by 
experimental breeding. This shocld not be impossible 
4 view of the fact that there are thres fertile castms and 
‘possibly a fourth if we iachade the sokkery, which im the 
lower termites oocasianaly produce offspring? Here the 
1urtter rests forthe present und we can only cry, like the 
‘ying Goethe, for mare ight * 
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‘ancient groups, the aaa sod tenaites, tbe proanunoed 
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spedallsed worker, x ciearly the most escent af the castes. 
Hence it more neatly comesponds phylogenetically, but 
se Tae 





are at fist sight oxpresive as i shown by Forel's (1902) 
resoursé ip some of them to support Welsmann's Blasto- 
Gaile as eppored to the more tupbogexic hypothesis 
Savocated by Exary la several papers (2654, 1895, 3904 
4396, 1510, 1918, 921). The considerations fo which T 
reer are: Ens, the extraorinary stability of th typical 
‘antesazoongexloting specie of ans apd termite second, 
heir extrncdisary constancy dung gexbgic tine; 
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‘hie, the difclty of accounting for he 

fants on the topingesc hypothe url fourth, ibe 
‘UsGcalty of acomunng for the adeplive character ofthe 
Soldiers tad worken. 

(0) The ho i comtunty handliog 
ant from all parts of the worl end rnutly comparing 
‘honannds of specimens for many caller comot fal 
Sate, seteiltarng tse amen igh real, 
cates, not ‘anamersbe aight 
subspecie apecte, and gece differences, To be sy, 
{he worl eure ib abvent fa some parctic gery a0 
‘the quten in some others (Dlscamimaet), but such casen 
tre due to unuwal eological conditions and aze 40 
truaptional ar merely to prove the mut. Even the 
(grates chmatic extrenen of tempersttre bave ‘no 
‘toring efiec oa the castes which sre oppo to be 
to readly moda by food. And the difsety of pro- 
icing marphslogen modinctios cmpersbleto thos of 
the casts by feeding in other sects nd in ow dmmestic 
bis oe iemals only focenes ocr scepism, 

(@) Even more extraornry is the fomty ofthe ant 
and termite castes during gealegeal tine. T have bees 


ifirenczs due ta long preservation of the former in 2 
reslaous matrix, and the workers of other forsl species 
<ifler from their coxpecibe queens ia precisely the same 
haructers as do those of living species. The solder and 
‘worker termites Ggured by von Rosen have the same 
modern aspect. We may say therelore that the same 
castes ave been produced and repreduond for mary 
Sango par ate mo widely spare ports 
e 
‘These objections to the troptogenic hypothesis can be 
suet by pointing to the tact that the very constancy of the 
‘astes imphes that the species to which they belong bave 
‘been simlarty constant during loog periods of Commie 
od Tertlary tine in all paris of the world and that 
therefore the same mast be true of the threptic medium 
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in which the castes have necessarily been produced s2on 
after eon. This may be granted, but it doar not prove. 
at the castes are entirely trophogenic becamze the biasto- 





GG) A considerable sumber of gynaadromorphic ants 
Ihave been described. They are rare, anomalous individ 
‘ak, with the body made up of let and right talves, of 
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POLYMORPHISM {contnned) 319 
one sex of charucters peculiar to the other. Bat these 
‘Gntinctions seem to be lesa absolste than has been 
‘nyppooed. Even ifthe taale and female componeats in 
‘unt gynandromorph are determined before or at the tne 
of fetliation, itis conceivable tha dilerences in larval 
might afect the female ib such a way 
eeseanyi stems compen 

0 far a mmpocent 

S%ancernd oS core hogy of an inate 
type between the worker and queen, i., engatoid or 
‘poeadogynic and not so abarply of either the worker or 
<qosna type as we find in ueariy all the agomalie btherto 
described. Emery (1924), bas indend recently devcrtbed 
two anteroposterior gyasndremorgbs of | Myrmica 
ugmodis, which exhibit « pecalar mixture of works, 
queen und roale characters. They are, in fact, as be s4y>, 
* peeudogymes with male genitals.” That the feeding of 
‘the larva mey determine the caste of the female com- 
‘ponent of the gyeandsoaorph is alo indicated by the 
‘umerous cates of this anomaly emong honeybees (908 
Subold, 1864, Boven, 2915, Frinlein Meblis, 2915), since 
(ey seem all to have Deen reared in worker cells and to 
be ecgutandromorphs. Recent ureestyntwas, however, 
have bad a very tmsettling effect on our vaews of the 
Blstogene oriem of gymandromorpha a geaeal, 
‘Although there i ore doubt esto Koaminsky’s defastion 
of these anomalies (x52qe, 19240), both he snd 
Budjauoll (2524) claim to have. produond gynandro- 
‘morphs and itersexes in potbe by submitting thea Jarv 
‘mad pupe to abuorally low or high temperatures o by 
feeding the larve on umasua! ood. And Poulton (1927) 
‘bas described the productioa by von Somoers af sever 
fycandromorphs of the African butterty, Papnho 
derdanus, by mechanical shock of the cxterpllars at & 
‘time dacing which the larval akin is being cant and the 
pupa is stil soft and unset.” If these observations are 
‘ondimed we may buve to regard the distinction between 
fGyaandromocphs. and intesease 1s artifcil and the 
Sarmer as special cases of the later. 
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‘The most serious objection to the trophogenichypathenls 





as citations, which are ated by natura section acting 
‘ot am the sterile castes bot ocly on the mother queen and 
Jer queen ofpeing, as Darwin ead Welsans tnintaiond 

(@) There is some finastic, metaphysical factor—soroe 
social extelechy—hich ities and guides the adaptive 
development of the sterile castes. 

(G) The sterile castes are much ore frequently fete 
‘hin has been supposed and oan tranemit their peolise 
characters through their male offspring (tocal Actleates) 
for male and female ofisping (termites) and thas aoqulre 
Tepresentatin in the germ plasm of the species, 

"The first hypothesis cannot be eatiely rejected since 
‘the queen of most socal Acaleates the colony 
fait inapeat tage o ceveopset et nara secon 
has otis value aan explanation ofthe cngin of wdaptivs 
‘variations. "Tae second aypotheals is avowedly vitaintie 
tad is of bo interet tothe sceatifc biclogut. That the 
third aBords an opportunity for productive investigation 
in shown by a very suggestive paper by Varaine (7926), 
‘who contends that the males of the socal Aculstes in 
{eneral are the ofspriag ofthe workers. While he admits 
that old oneybee quems whose spermathece ore 


‘wasps, and Plath (rgaa) has obtained the same reautte 


Tit Sumber. Eincry (ign) eported that al the 
‘uulas in colonies of Phaidae produced by the 
‘indeed, not 


‘produice males are thoee of the parasitic genera (Anergates, 
ts) which nck the worker caste, Verlaine’s sonteation, 
sustained by further investigation, wil do away with 
several awkward problems which have long exercised the 
Ingennity of melittologists, suchas the supposed alternate 
functioning and nos-functlonmg of the spermathess of 
the queen in adaptation to the worker and drone cals, 
and many af the hitherto isexplicable phenotypic 
peculiarities of hybrid honeybees. 

‘No doubt, we have hitherto eid too mach stress on the 
static, morptological aspects of polymorphism and too 
Title on its dymamic, physilogkal and’ behaviourstic 
aspects. Many physcioests, too, are apt to everiock or 
at any rate to minmuze the reguletory and adaptive 
Pecnlitrities of biologeal processes ad these ae certainly 
‘very signiicant in the poxogyny and perellandry of the 
social ispects Te hes bons soggrsted that the production 
‘of workers and soldsers in the colony is « kind of experi- 
rental terategeay curred on bry the worker nurs, Dut 
{tls certalnly strange that fhe monsters produced, eg, 
the janitor oktiers of Colobopats ang the ants and the 
musuti among termites, should be strocturaly and 
fonctionaly 30 exquisitely adapted to theic particular 
rofemionn And it strains our eeu to be told that 
‘uch forms arise ether frum peculiar genes popping, ont of 
nowhere into the germ plas or develop gradually under 
the guidance of natural selection from forms which, so far 
{ae ca see, must have nn equal or even greater survival 
‘value, Whea we encounter sich smpasser as the fort 
(ing, instead of eabracing the Adstotean Entelecheia, 
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‘that belldame of mora then two thousand summers, now 
0 popular on the other side of the Rhine, er joining the 
‘apostles of the vurvival ofthe fittest and forever croaking 





sit dowa ia the laboratory or inthe Geld and say nothing 
but “ignoramas” till we have made u ach more 
‘echaustive bakavionristic und pliysislogical investigation 
‘of the phecomene. “ Nuliussermo tn Bis fotestcorfare, 
{en enim dependet wb expericasd." (Roger Bacoe.) 


ix 
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1 defite notion of what 1 i, though we a kxow that it 
every smn at ic scales ro ch sige 

fy at be expected 
fi talon’ noone cack noe cone ws 
‘called to the fact that the activities of social insects exe 
‘merely modifications of the behaviour of their solitary 
‘Acolnata and no doubt 


‘ancestors, This is evident lo the 
‘abo 








social species all four activities have become mass 
joanne atl ar esbes ital cot old, 
‘the unptial fight bot slightly, aidifoation and defeace 
sgrally, and most of all the trophic behaviour, which bes 
to do with peovidiog the adult aos larval measbers of the 
colony wlth sustenance. The socal medium, in very 
meral terms, may be said to consist of theee modified 
and intensified activities. Nidifcation and  dedence 
‘among the socal Acslmates bave bad euch a Jong and 
‘intricate evolution that their adequate presentation Would 
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require a special coarse of lectures. My tee will pert 
‘me ta consider only the tophle bebavion, to which ll 
the other activities of the exiony aze really ancy ox 
contzibutory. 

‘We know that there are two primary types of colony 


‘colony. ‘The former, again, may be either mdependent or 
dependent. In the indepeodent subtype the queen oF 
royal couple is uble to establish a colony without worker 


tate oly pneu en ae gence 
quite unable to found colonies independently and must 
‘be adopted by colonins of their own or other 

(oF at least secure the brood of another species 
1a over ta provi themselves with he ceosery worker 
in rearing their own young. With these cases Tnball 
telins fterelecare The poupe whe soar 
‘colonies by swarming are the Polytnica and some tropical 
Poltting among wasps, the tropical Bombine, Apine: and 


EE 





colony inception and are really more defsite expressions 
of the dependence of the queen on the worker caste. But 
‘even the independent method is merely an interiode ia 
‘the socal fe of the queens and royal couples tha practlse 
‘t,he the virgin seraal forms ofa soca! insects remesa 
{or some time ix the parental nest before their noptial 
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of the fadividnal ingect is the cegult of the oanstantly 
acting soci msediom ia which they aze immersed, and to 


social medium, is apt to conciude that their behaviour is 
sulirely reflex, ox tropistic (Bethe, 1898, 1900, zgoa, nnd 
Henning, 1926), weereas those who ofeerve them im thelr 





("automatic behaviour of Fore} feel confident uever- 
theless thet they give unmistakable evidences of memory, 
appetites, emotion, smutation and a feeble intelligence, oF 
sbiity to modify their reactions in conformity with 


‘these mattery stil lewvas platy of room for diferences of 
Snupeetation im deta, aemeing to, th. tri, 
and philosophic outlock of the investigator 

foreland Bran, trained as nearologuts, are greatly 
smprsed by onane memory end mab constant nao 
 mneme gad his terminology in deserting the 
ivr ofsocaieveca ‘The Jette, Woonsan, 
trained in the scholastic philosophy, operates with 
‘virines and faculties (Vermogen) in the 

‘manner of St. Thomas Aquinas, and with the adroitness 
for special pleading and ignoring of pertinent data, for 
‘which his order is so celebrated, wraps the whole subject 
of myrmecology end myrmmecophily in a dease fog of 








“~ appetiion in Foulle's sense 
Pvteuce ask” OF cows te a sting wer ase 
‘the word was nsed with mach the same signification by 
thescholastic philosophers (appetiha sensitiows Wasmann's 
“snmliches Begehrongrvermegen “). It is. Aristatie’s 
Spebe and is synonymous with the “libido” and 
cquving " of modern peycho-analysts 
‘An wdequate discussion of the central (oxrcbral) as 
contrasted with the peripbera) (ceusncy, or receptor} 
factors involved in the behaviour of the socal Insects 
‘would require ciuch time and be inelevunt to my 
immediate purpose, which isto cal attention to the fact 
that the social modu ts peoesarily the creation of the 
‘workar caste, Thin caste is always produced in uch 
smumbers as to constitute neary the eatire colony, and all 
‘the importaat bebavioar—nilifcation, defeace, pro- 
‘Visioning and caring for the queen and young, in adition 
to ita own sustenance—is its sole prerogutive. The 
activities mentioned ure coatimmoss, except during 
‘unfavourable climatic conditions, and exteod not only 
‘theoughout the nett but to a considerable area over which 
‘the insects forage for food. This territory, which has a 
cdreular creumfereace aod may be called the” trophoporic 
‘aki in determined by the range of the 
individuals and maturally increases with the growth of 
the cology. The trophoporic fd of an incipimt colony, 
with its few feeble muni workers, is very szall, but as 
the foragers increase is umber and size with wocceeding 
‘aroods, t gradually enlarges till tt reaches its maximum 
area wien the growth of the colony is completed. Except 
‘where they are fow and sporadic, the trophoporic Slds of 
tlouies of the same or differen species overlap more of 
less. The ood supplyis tharforelimite! in movat andthe 
exploitation of the fll in oo istensive, that every avail- 
able source of nutriment is scupulonaly investignted and 
carctuly utilized. Acconding to the habots of the species 
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‘the supply comprises all insects that cin serve ax prey, 
all those whose saccharine mereta can be 
(Homoptera), all plants whose mectar and pollen are 
‘Sccetsible. Although the trophoporic elds of dhe nodal 
‘bows are much more extensive than (hose of the 

{he od mpply precarious and mabe to grea seacodl 


‘permanent nesta, the srophoparse field shifts tice that of 
‘X pomnad or honing peopla.* 

Sinon the mia cf the colony in x function of the 
‘amoust of food obtamable tom the trophopone fe the 
latter determmes and regulates the growth of "the 
poptlaion The workers are constantly endeavouring to 
obtain aa much food and to rear as many . 
possible, Hence extraordinary thnft and economy 
to be practised, expecially when the (rophopone Selds of 
several clones overlap. The sexual forms and. 

‘the queons, which require a comsidernbie amount of food 
uring ther larval stages, can be reared only during the 
‘most favourable season of the year, Unfavourable 
‘trophic candibons sometimes make economy a0 acute that 
‘the brood has 10 be devoured wholly of im part and 
ottiona of the adult population have to be sacrificed, 2¢ 
{nthe slaughter of the dranes among beneybees or of the 


‘headed soldiers are needed to crash them, but when the 
‘winter comes on and the services of the serd-crashers are 
‘no lager required, thay are decapitated snd ther recoalns 
‘throws out of the acct. Of course, the caste thas 
eliminated caa be readily recruited from young larve 
during the ensuing spring tnd summer. ceiptcte 
prt aN TE 
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‘That the workers of all the social insects ere really 
Inunger forms is showa by their greedy belaviour, their 
‘sorenal lack of fecandity, their atrophic devalopmest aod 
eopecially in the ants and termites by their rhactitic, 
inglew edule physiognomy. Yet the hunger and greed 
‘are those of w sterile proletarlat (st wenia orb), with ttle 
(oF no interest in producing but with a Koon interest in 
rearing larve and in securing the food necesiary for 
‘carrying on the business. This paradoxical proketariet, 
‘which tales upoo itself the contzol and reguktlon of the 
‘uumbers of individuals of ull the various castes, its own, 
‘Included, has nsver coused to excite the admiration of the 
‘parngoa of animals. Ax de Gourmont (z9e4) says" Of 
‘all sexual aberrations, chastity is perhaps the moat 
singular. Not that it is unoarural, for nothing 1s 
‘gion on enn ofthe pees wh vcr 

tennites present examples of perfect 
chastity and 1 chastity that sat the same tane utilized 
soc vocal Tavounary end tvagetel the orate tate 
m insects in an actual condition and a souree of 
characteristic behaviour. In man it is a condition often, 











moral and religions and even trie ammparts of real stent 
4136 rea) mortar. Permanent and voluntary chastity is 
aasly always a relgions practice. Ta all ages men have 
been perruaded that a state of perfection s attainable 
‘only through wach remeiation, “This may sen abpird, 
but it le, on the cantrary, sapremely logial. The oaly 
‘way fo avoid being an animal is fo abstain from x act 
{19 Which al animals yield Ghemoelwes withont exeption. 
‘The sume motive has eugrsted abstinence and fasting, 
bt siooe it ie bmpoeiie to live withoot eating and 
qaite possible to live without mating, the former hat 
Temained a mere programme.” De Gourmont might have 
{gue further and called attention to the singular fect that 
Shrooghoot the ages the moet diverse hemas vocitica 
have not only encouraged celibate castes to develop ia 
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cof organic behaviour in general. Evea m the study of 
Iman behaviour which le far better known than that of 
‘any anibun}, the present tendeacy is to reduce the namber 
of postulated  fantinets "to « minum or to ebmuaate 
‘them altogether from serious discussion.” 

Ine pager ‘in 1g18 I attempted to stress the 
‘mportance of the trophic and threptc behaviour of the 
parte cae geal soto fo as T tpt 

sparate facts a ‘conception to wi 
the term" t (rom rperbd food, and &XMdere 
to exchange). The notion was favourably reodived by 
the physiologiots and ethologists but was treated 23 8 
‘scandalous innovation by the Jesut inttinet moogers* 

‘We bave seen that the insect colony ot society may be 
‘super organism and hence as « Lvmg whole 





regarded 
‘bent on preserving ts moving equilhrism and is integnty, 
1, Wet ray sp toaat ‘paaroenata tak of erie 





ull 





LL 
rH Hl 
Strpiege te 
i 
Het 
Aa qe 
ne i 
i ay 
eet 
While 


tei Mana TRORALLARS on 
Peet onpaate ae matte 
eset caret eae eri 
aes eee 
Seer erate 
aE 
ta ee et po 
cp gd 
Lede prayer open ngion Pda 
SS Sacer cere a, 
anteanse (Forel, Wasmann, Crawley (19108), Doflein 
(2920), ete.), by vibratious, or stridulation, Wheeler (194), 
ceiray rec merase 
aot botnet ors 
scare nciee ema 
largely conrerned with food and its distribution the 
i eens seer 
Sa eee ae 
Pape eo 
‘st once dissapated by pomting out that in employing the 
agi 
ie oh eaves arenas 
ee tg piel 
peal epee 
soclol organisms. That it is taken for grauted by 
PC eG Ea] 
fits 2 oe conan aes 
See ee 
pee 
Sceenaeeroere 

and photic stimnll, . . . Luke the relations between 
living protoplaum and its external ecvironment the 
hywiologteal relations between the different protophuemic 
Soca eee 
mf a 
ee eee 
ioe. ee aes 
Pel 
Staentaiewien ree 
fStaiesteceo 


of the group in tach case” I did not mention such 
‘obvious considerations in my paper on trophellaris 





against tonphalaas, alter Thad expresily stated (0926) 
tat the eubetances exchanged, cia caien Lhe Forme 
‘ongvinea aad is guest Lorecst remot quastnatvely 
‘al ut thatthe oman of the gst hang preinced 
in very azul amounts, may acverteiee ect intense 
‘actions One would woppose tht the fod served in a 
Jesu refectory mast be even sore tasks thas that 
Jerved in a Sit-eate New York restasrat | 

Other crits have mnagined thet { meant by troplal- 
luxis mot only an exchange of aqoal quantities of food 
at mare murimond bot an exchange wececarly and 
immotiately reciprocal, Still others, ke Morstatt (r922), 
baie that rophallas mast be womethng supezadded 
to the care of the young (Brutpdege although Trarded 
this bebavivar as the tot primstive and characteristic 
‘Manifestation of the sctivity. Kemmer (1923) has also 


‘Tropballaxs is most easly observed accong the waspe, 
ants, and termites. Du Baysson (2093) and Janet (2003) 
‘were, I believe, the first to show that the larva of Vespa 
‘and Polistes, alter being fed by the workers or when their 
mouthparts are stimalated, secrete from ther salivary 
‘Gani drops of» thin, sweetish hid which are at anoe 
Gqeedily swallowed by ther auzses. I have repeatedly 
Shsereed the same behaviour ‘a oor Nerth Amencan 
Poiiies mince. It was Roubeod (3928, 1924), however, 
‘who first made a detailed study of the reciprocal feeding 
fn cerain Afioan wasps (Belocogaser) and grasped t6 
Vocal significance. "He called it " exotrophobiosis", 
‘word which seered to me to be rather wekwant and 
Inadequate. theo muted the term rata 

Ts his latest paper (1904) Rooted has adopted 
the word “ tropbercism " end therefore calls the wasp 
colony a“ trophacium™. In my stody of antlarve 
(Qot8e) T cited a number of phroomena winch ean only 
be interpreted la the same manner as the tropballnxin of 
the Vespide. In omnia Poueriue (Pachyconsyla) which 
re prime, wasp ans, the arve when fo prooe 

i salivary secretion which is Ticked up by the nurses, 
Sone Myrnicine larvae (Pacalgss) ave enormous salivary 
‘Wands, the secretion of which very probably fas a similar 
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fection since it ie not used i sploning 2 cocoan, a0 
savelope never produced by any spocia of the subtly, 
In the larve of all Pecudomyrming the mouth 
surmonaded by a caster of singular papi or appendages 
sich cheat exit way ch athe eaatene 
‘of some tannitophies Splrechtb}. deve stroctums are 
mratly developed in the very young larew (trophidis) of 
‘wo speciae of the African genas Pachyreina (athiops vad 
Jadifrons) (ign. 57), but decrease rapidly { sian io the 
later stages when the salivary glands develop and 
apparently csurp their secretory function (Fig. 38) 


amount of fat, sore of which exudes through the this 
chitinous cuticle which is frequently Hcked ky the worker 
ants. ‘The surfaces of antisrve are, in fact, vmolly 
covered with & Lipoid, ydrofoge substance which is 
‘probably derived from the blood or fat-body That such 
ftubstanees can actually pass even through ratber thick 
chotin is shown by the observations of Pantal (1900), 
Rovbaad {gz} amd others on the yong larva of 
Tachinié fies.” Although thee larve are completely 
enclosed in a chitinous sae developed from the tracheal 
intima of their hosts, they nevertheless obtisa thric food. 
by filtration or osmesss from the blood of the latier.* 
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‘regard ot as otrtais, ferthermore, that adnlt anix also 
produce fatty exudates or attractive glandular secretions 
td that the mutual Gcking im which these Inancts indulge 
ia atisibutabla to the presence of such subetances om their 
Vodies and not to affection orto a desire for chenliness, 
[Nor are the tellet operations of the iodividual ant de to 
such & detire but probabiy to a reflex rexpouse to the 
ato ot ga ton th mn fa oy ad 
ages. 

‘The mmtual exchange of Bqud foods finds its most 
spectacular expression m the honey ants (Figs, 9 and 60), 
which, a8 Thave shown (39082, 2924, 1929), balong to 
‘umber of genera acd speties contzed io desert or 
xerothermal reglons whare fiquid food is very scarce, 
Usually certai workars stare the food is the erop, which 
1 co enormously dsteaded that the guater becomes very 
large and spbencal (Myrmecocystns, Camponctus rnfetus, 
Méophorss tages). but ww “any speaes of Phevole, 
‘Phesologeton and Obgocayrmes the soldiers may act 23 
hhoney-pots and the garter i much lass cosquouously 
ealargel. Emery, many years ago (28), observed m1 
the workers of ceria ants from the decerts of Asia Minot 
sand. North Aftica (Camponotus fedschenbos am alent) 
‘peculiar colargement of the abdominal fat-body. He 
Roticed that this “ adipogestry, as at may be called, 
‘was beat developed ia socturual species snd that the fat 
Tepersents food stored as sustenance mot ozly for the 
dividual worker but also, after metabolam into salivary 
sectetlon, for the larve. "A very sumlar ry is 
tten noticeable in taaay bypogmac ants, especaliy in our 
North American Lest of the subgenus centhomyopt, 
‘which obtain neatly all therr sustenance from root-ephidy 
and -eckis, The yellow noctaraal forms of Camponotus 
castonout ia New Bangla and of C. seneabernas it the 
dleoecta of Arson may alo exhibt the same " Fetlebige 
Aeit As Ottramaze (1919) bas shows, thereis evidently 
a significant comction between abseace of ght and the 
foenmulation of fat. This i elo ayperent im the fatty 
phyrogantry of termites and ther guests. 
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Grass feng agp desertbd the extensive development uf 
‘trophallexs azong termites und all sucoseding investiga 
‘ors have confirmed his observations. The members of 
‘the colony feed one another on saliva, partially digeated 
and mgurgliated (stomedwal) foods end face, oF 
scybatum (proctedeal food). Mutoal infection of the 
‘hau ef Ub ungubscopepuagy’ to pioey vate, 
e state 

Holmgren (2909) hau shown that all the termite caste, 
tet on the queens, have vohsmmous exudate 
‘ofthe peripheral layers of the 
ablominal fatboy. "The topimcyta of hse ayes 
o not contain fat but aemerous minote gransles which 
‘ze discharged into the blood and thos convert ints an 
erudate, which pastes through cumerous fine pores or 
Jemma in the chitin entice to the mtface where iti 
kad up by the members af the colony. The develop- 
reat of the emidate sos dufers considerably not only 
sm the diflrent castes but also in their various develop- 
esta stages, and we have seen is the precedung lecture 
that Holagren tracas the Giferentiation of the castes to 
cexxlate hunger. Eschench {1gr1) gives « more vivid, 
‘ot to say more spectnenlar sooount of the greed. of 
termites. So eager are the workers of the Ceylonese 
Termes redemawn for the exadate of tit kuge phyno- 
gaitine quem Ghat they acteally tear Ett atrpe out of 
Nher cuticle m order to get at the liquid more readily. 
Exchench noticed thet olf quems sometmes have 
‘heir white abdomens dotted with tle brown sears of he 
wounds thus inflicted by ther progeny. Here the 
Ioing bebavioar of the mother and ofispriag in the 
reverse of that in incipient antcolonies, since tbe queens 
are fod with regursitated food by tbe workers and feed 
the Jatt wth thele exudates, bat la all probability the 
same is true cf eotabied ant colonies, after the workers 
Ihave matured and the qomea no looger feeds the brood, 
It is more dificult to find evidence of trophallais 
‘mong social bee, but the cae fs perhaps aot as bopeless 
as Thad supposed Ge). Adult works bes fd thelr 
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queen and ons another witk seguryitsted hocey (Von 
Frisch, xga), but whether his ever oom arsong the 
Bombine and Maipovine sens not ts have been 
huerved. Tineburg (u9z4) hax made a carefl stay of 
the honeybee larva to ascertain whether there ig reciprocal 
fooding asin the wasps aod ants." Reciprocal feeding”, 
‘he says, “‘bas never been obverved in the kaneybee, but 
‘ince the food given to the older laree i aot comple in 
character and probably requires no great amount of work: 
fon the part of the nue bess for ls eaboration, i it 
dimoutt te explain the great amount of time spent by the 
mune bees in the eels merely on the Dass ofthe betel 
{that food Is being fd to the larva ll that time That the 
‘ual method of feding is direcy to the larval mouth 
‘clear from the fact Chat no significant amount of food is 
ter found ia the base of os tbe aides of thecal of an oer 
Jarva. In the determinations of the weight of food 
resid in the cel tly ucteworty that Sor each age It 8 
quite uniform. If one dared to assume reciprocal feeding, 
‘this aright perhaps account for the peculiar development 
ofthe worker bee in the repreaion Of the sex orga and 
‘their raorphological modiScations". These remarks show 
that retpeoeal foning between worker boneybees and 
worker larve 1 not altogether improbable. That the 
‘worker ago enc Iarve hee some powerhl attraction is 
‘Bown by the number of vite they receive and the time 
‘workers spend inthe cals. Averning the reels found 
for the eggs tod nrvr of al ages, i yor Unt on a 
sverage more than 1.300 vite aze made ia twenty-four 
hows,” On the last ay before capping 0 fee than 
1.35 visa are made by the curse bes to a sogle call 
Ou this last day before capping approximately 4f hours 
axe spent by the mune bees withn the ool. 
(Over to,000 vsts are made to each developed bee dutng 
tha eight dayo orn th me the egg ie aid wati the cell 
i capped” 

Ina previous lecture I calla attention tothe secretlon 
of was ln socal bers and ofa sma substance in certain 
volitary species (Tetralonia, Kucera, etc}. Wax, which 
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very langly myric palmitate, is ally pod exudate 
inte fle at thers ape). aodanton weal 
Scem to hearer ofthe great amount of suger consumed 
by ben, since similar enadates are produced by Coots, 
Aphids, Fulgorida, etc., which ive on the sap of plants and 
Ingest 20 mach sugar Chat they have to 1d thezacives of 
mach of it as from. Curiously enough, many of the 
Coccinslid larve fog, Brachyuczatha) ‘which. ford 
‘achavely on these Homoptera iso produce abundant 
swaz exudates (Whaler, 19279). Assondlag to: Frsae 
UBoes), the fatty exudates ef wliary bees “evidently 
‘the ence energy dexived fom the food which 
‘teal fills ot the body a the iva in the forn of the 
Wait corpus adiponots before pepation. Thix stored 
chemical energy, which in the trophocytes is wed to 
ia the eof the ppt ad se Yi ha 
‘the imago, is usually nof entirety consumed but produces: 
the stove mentioned faty sxodat 
solitary bees. Sach exudates are also : ated by the 
“‘coshious of an apparently fat- or wax-lke substance", 
found between the four median segments on the docal 
abdomen of the long-horned bee, Tatralonio 
rafts" Althoogh wax is now toed wclotvaly kn 
‘constructing the celis in which the larve are reared and 
‘the food is stored, the question ates as to whether st 
‘was not among tac unrsnteencetor of the Bomb, 
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ancestors of the three higher groupe of social 
have fed their lurve ow fatty excdates wonld be 
speculation, but eur knowledge of the intimate behaviour 
of these insects is 40 rudimentary that there can be no 
‘harm in calling attention to the pouty. 

Extensive as is the scope of tropballaxis, or exchange 


‘AS frst sight, this seems to be inadvisabte f net ebward, 
but I beleve that the following remaris will show that 
‘there isabuedast jestification for taking a diflaeat view 
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‘the perve tenminations are affected by chemical ecbetances 
iwolved in a Biquid or mucous layer overlying thes. 
I & ual to tramfer car notions of dletinct tate and 
smuell receptors to insects akbough even in vertebrates 
‘ste Is not a unitary chemical sense and i insects canoat 
bbe distinguished from smell by the stracture of the 
smailbe” We have merely acquired the babit of regarding 





SOCIAL MEDIUM AND TROPEALLAXIS at 


Inumidity oF wloration. While mos: authors belleve that 
the oltactory senslle arv contzad largely or exclusively 
to the antexne, MeIndoo (rgt4a, 19040, 1914, 1973, 
"BSS, 988 too fx encore ron, Ss 
olfactory organs on nearly bey, 

the ante and baler he fen wound exptedal 
tvidence fn suppert of his contentions. Betlese (1 

i a cemackably hacid account of the olfactory 
describes thers as always containing glandular i addition 
to eamsory cellar elements, Ste call attention to the 
carter papers of Erlebson (1847) and Sealey (x850), who 
found the antense of insets to be covered with a thin 
film of liquld. Accordiog to Berece, this lm i the 
secretion of the glandular elements end forms with the 
‘llactary substance a solction wioch xcts on the termina 
tions ofthe sense ces. It, {odeed, dieu to conceive 
Irow olfachon can occur without sack a solvent. Bat 
‘ther investigators (Hauser (258), vom Rath (285) 
Rtbler (gos, Voge (xgcs), Hochrester (xgrz), Deegeact 
(1912), Demoll (29:7), Meladoo, etc} isterpret Berlese's 
Blandilar elements af sensocela end say very bite of 
nothing about an ollactory Liquid or its source | In an 





‘objection tothe dex that w quid exudes upon the surlazes 
‘of sense organs 15 the lack of any observations on the 
provence of such a Bguid. Yet, the vacuole which 
furrounda the distal process ofthe sense els in Toany 
organs that have been regarded a2 chemoreceptive, 
Suggests a potable source of a solvent qula. Though 
erlese's tempt to chow that one of the elements of 
‘the fstct peuiium (oi) fo always a gland cel bas pot 
‘been generally ‘isnot vareasomable to nsppote 
that ane of the ced might take on w soaretiee himctiog 
fn carinan organs. ‘The cel which contams the vacooe, 
‘when a vacaneis present, however, s the baal enveloping 
‘all, which i the richogenous cell and sot special gland 
fall", In certain respects the physologia cccounts ate 
sore satisfactory than the morphslogal and feve ite 
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doubt that the chemoreceptors are widely divsbuted 
lover the anicane, mouth-parts, fx, and posly other 
[ortios ofthe Sota, end that repens to chemical 
Tabstances either kom a ditanee or en oomiact are fat 
Ad way te moot important weary cenctions of sects 
‘This is notably true of the social spactes, and numerous. 
have shown that umch of their behaviour 
Js determined by such reactions. In ants, bem, and 
termites, individual, caste, colony, specits and nest odours: 
have bean dletinguinhed experimentally by Forel (tg20), 
Bate (6, Bem (op), Mies Pie 0504 299) 
‘and othert The odour of the at-broed, expecially of 
the pope anc cocoons, ix dearly percepibie even to Out 
‘aot oman ollctories. Many adult anit have 40 
fnteme doer, often quite aniike formic acd, np, 
‘Acanthomyops, Crenatogeser, Eciton,  Megrpooers, 
‘aay Poekole, Tepivoma, Atta, tc. The sue is trot 
aso’ of bees ‘and. termites. ‘The stroag odours of 
‘Mekponime are often very pleasent ; some of the 
Deotropcal Trigosas amell Tie coonami, ters like 
Feros, others Eke atta of roars, ee. ‘The seat of the 
felony cf Lounybene ems to bevs been dednily lated 
im Nasonctts gnd (Snden, gen, von Frisch, 1909} 
detwen the ith and six ebdomnel segments, ‘in ents 
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Upoid coating on the su-faces of larval, pupal snd adult 
sts and the dense hairy investment of bees seem to be 
‘particulacy well adapted to retzining both the individual 
snd the adventitions, or nest odoum and retarding their 
affasion * 

‘There fs no doubt that the glandular spretions of socal 
‘insects are emitted in greater voiume at times of excite. 
‘ment, but since even the persisting individual, carte 








“chemorecopt ". And siooe, moreaver, the food stiacll 
are osceaily chemical, Ican tee no reason to change the 
term “ tropbaliexs " Because it happens that moch of 
‘the behaviour of social tects is what we have been 
cling "oltctory". Nor lathe fact chat some of this 
Veberiour depends on stizali other than food «valid 
Atgumect against since Thave never asertad 
(Gat ie inches all Ce soca activites. T believe, sever~ 
thes, that it omsttutes the mast eseatial characteristic 
of the aclal madiom. Ife compare the dstribution of 
ood in the colony regarded a3 a supecorgunisa with the 
realating Blood coreat "fateroal soedium”) ta: the 
fndieldual iagect oF Vertebrate, taoptallass, as the 
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reciprocal exchange of food bebwoen the individuals of 
‘the colony, may be compared with the chemical exchanges 
‘between the tisme elements and the blood and between 
the various cals themselves, As stated in the passages 
quoted from Child (p. 23x) his procsss necessarily 
involves not only the teensportation and distrvtion of 
autritive materials but also the transmission of stimoli, 
or excitations among the ving elements. And inastaach, 
1 the diverse alien organisms that have taken up theie 
abode In the nests of socal insects in many cases relly 
constitute integral parts of the coloay, much as some of 
‘our domestic animals form iotegral’ parts of human 
society, the guests and parasites of the social incects are 
also tobe incloded in the tropballactic crit’ The facts 
and arguments thet support this statement will be 
resented in the two fllowing lectures, 
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THE EVOLUTION OF THE GUESTS AND 
PARASITES OF THE SOCIAL INSECTS 


“Tax singular soe of the social insects fx creating for 
theoelves a pootkar madium has exposed them to the 
{invasion of a host of greedy guests and parasites, which 
it is now our task to comider. Nearly all of these 
fntroders are Arthropods, and the great majority are 
Hesapods belonging to the most diverse tamiles and 
forders. Why so miny allen speces should came to live 
in the nests oF tropbopone feds surrounding them 1 
‘obvions when we think of the many attractions and 

tunities afforded by the social medion, In the frst 

the galeries and chambers of the nets furnish very 
canvenimt Inding places aad are, moreover, owing to the 
congestion of their population end especially during colt 
weather, of « somewhat higher temperature then the 
suroandings. Secondly, the refuse, the weak and dying 
oF even the ablebodsed workers, and partcalarly the 
inert and defenceless Jarve and pupe represent an 
Abundant supply of food. And thindly, sie the social 
{insects have a more or less procounoed tendency to repel 
sggrective execs of all lands, ail scall organisms thet 
‘an elude the hostility of the ownen of the nests may 
abare ig the geoeral protection, The disadvantages ave 
less obvious, but they are real nevertheless, because the 
workers, even ofthe same nest, often vary constlerably in 
their toleration of introders. And even when most of 
the workers of 2 coluny ere willing to tolerate or adopt & 
strange insect the later may be eventually ejected or 
Asstroyed if there be present only 2 few persistently 
Iontile ana intolerant workers, since they must sooner Of 
lates come in contact withthe intrder. Hence umanitnous 


GUESTS AND PARASITES “ 


‘toleration of adoption on the pert‘of the colony has to 
be secured by any insect ii sto become a regular guest, 
tnd this ie mace diffralt Caan would be supposed. Te is 
teredore surprising to find so great a namber of stelites, 
fm the nes ofall the various groups of social insects. We 
can most caturaly divide all these crmitares into two 
‘groups, mamely, otber social ingects (socal parasite), 
‘und sporadic, sottary, noc-ocial species, Tho lntter 
‘tha dlaonta here and devote the pext 
‘coosideration of the various socal ntraders. 

‘The attraction exerted om alle insects by the colonies 
of the socal species is interesting abo in connection with 
certain raatters to wich Coésot (orz)bas called attenton. 
‘He wasof the opinioa that unizbabited ares, the places 
‘vides ” us he called them, tend to attract fatal exacats 
amore strongly thn stets already stocked with organisa. 
‘But Rabun (torr, 1957, 19222) and Picard (1919) have 
shows, on the costrary, that the more densely inhabited 
fn area, the more it tends to attract aditional speries, 
‘whereas the " places vides “ exert no such attraction and 
often remain for ‘ndeimite periods altogether uninhabited. 
Since the nests of the socal msects, though among the 
aoot densely inhabited avcas in nature, nevertheless 
constantly tend to withérew and retam additional alien 
inhabatants from the genera) ecvoament, they may be 
ted an a striking confirmation ofthe truth of Rabsod’s 
‘nd Picard’ contention 

It ia by no means easy to clastily the Arthropod 
fnvaders of the social medium. Perhaps the most 
couvenirat geuerul grouping wookd be into sphecoptnles, 
‘ielittophiles, myrmpecophlles and termtopber, uocording 
4s they are astociated with the wasps, beet, anit or 
‘termites, We might also chusity them according t0 the 
(ype of relationship which they bave developed towards 
hele hosts, Wesmman, after many yoars of painstaking 
‘investigation, has adopted the following five categuries: 

‘2) Syucchibrans, of predators, i. spaces which prey 
‘on the socal insects or their hrood and are et, a6 a T16, 
‘tolerated but persecuted. 
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(2) Sates, or commensais und scavengers, which 
‘are ignored or indiflereutly tolersted. They are evidently 
tither odourass or possets mental odours which fal 
trou the cuiaty or episonty of thei boss. 

(G) Trophotionts or ects veh asthe Aphids, Cox, 
Menbrasts, etc, ‘which excrete boney-cew, sa) tht 
lar of certain Lapidmptera (zeman), which proce 
sweet scretons, and may thereore be attended or even 
‘ered by their hosts,” Thun trop Hvemoetiy 
futside the mets in the fropbopore Sed, but may 

o ‘occur within the nests (on the roots of plants, 
te the ower surfaca of stow, ete) 


(6) Sympkales, or true guests, which have established 
‘the most intimate and azaicable relations with thele ota 
and sabibit special structural adaptations (trichomes, 
‘exudatoria, etc} to their pculiar mode of life. 


(9) Parasites (ecto africors), which live elther on o 
fn the individoal social insect and muy therefore be 
amid as exterool or tater). 


Ja general Wasmana’s groops represent categorie of 
increasing intimacy of the Intrader with the host. ‘The 
symplules and parasites have evidently been developed 
from eynechthans or synotketes, and in so fax as they are 
Hexapods, the parasites are mortly parusitoide in the 
sense assigned to that wordin an earler lecture. Although 
‘Wasmsann’s clasclication ic the best lutherto devised, it 
can bertly be regarded as altogether satulactory or 
deGaitive. Not only do some forms exhibit the 
diatinetive behaviour of different categories in their larval 
‘and adult stages, Dut several combine the behaviour 
‘characteristic of more than one category in a szngle singe 
of thelr Lfehistory, Stil others exhibit such abernmt 
behaviour that it is difbcult t» place them in any of 
Wasmann's categories. At least one of the categarice, 
‘that of the symphilas, occurs only among the myrmeco- 
plalss and termitephiles, and though bees and warps may 
feed om the homey-dew of Apbids and Coccids, this 
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excretion Is very rarely solicited dimctly! Hexen the 
sphecopbiies and meittoplales are all cher predators ot 
‘Parusitoide which attack the brood, or scavengers 
(ynekats) which fad on the materials of tbe ast of on 
aia. Certainly the moet intersting and far and 
‘vay the most nomerous intruders ive wih the ant and 
‘termites. Unfortunately noose bas endeavoured to 
‘reat the sphecophiles and meitophiles compeehenaively, 
‘but enough is aown about them fo make t certain that 
Any young investigator who is wiling to devote 





‘The sphecopiles belay to several order, ot of the 
most singular of wich, the Strepsptere, comprises 
interaal parantes of both sobtary and socal Vespids, 
Ia ‘North Amerka the soliary sped of Ody, 
‘Fomenes and Zetbus are occasionally siyiopised by © 
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‘Paradomna in the nests of Vespa. There are also severn! 
Pecaliar Hymenopteross spiophiles. The parontiom 
Of Trigenalida on the larvm of various waxps was enone 
‘m my second lecture, and Bequtect bas recently talon an 
interesting, Cualcdid, Fllstomorpha, in the nesta of 
contain Pobbiine wasps in Honduras. I, Andr4, who 
‘blisbed x valuable review of the European phecophlles 
‘a oely ws 288, cites the Ichneuronia Frypbon 
‘40 well-known parnsite of Vespa germamca tnd 
and several other species (Cryfturas aol, Metolonns 
(Gadiater tnd Ephialites exinscr on pareitizing the larre 
Sf Polistes. Mulls rats nc literals also inwade te 
fests of the Intter wasp. Brauer (1869) records the 
‘Neuropteroa Trichosoalin, which i alld to Mautlpe, 
fs developing ip the nests of « Soath American honey 
teeing Fob The ree of « saa! Tock oth, 
‘exsdas, is mown to destroy the nest. 
‘mele of Vege “Aone oe Diptony tare oe 
Jeast three remarkable groups of 
‘vanous species of Valscalla (fowaria,inamts, ei) some of 
‘which were loog ago exiaustively stodied by Kunckel- 
'Ferealas (1869, 70, 2875-8, 1899), certain epecis of 
Conopide: and of the Tackmd genus Anacamptomyit. 
‘Rowband (2524) bas pubbsbed « baastafal end suggestive 
paper on thir last genus, which comprise intemal 





‘alled attention to a mumber of beetles 
predators, lke the Staphylmid Quadiur élaletur in nests 





ete). "The lve of te Syephid Micsodan, though more 
frequently associated with ants, bave also been found in 
‘Vespa nests 

‘No leet mutiform ara the melittopte, which are 
‘amociated with all the groups of sotial bees, except, 
perhaps, the South Adrican species of Allodaps. The 
Halltion, which, as we have seen, nast gregarioatly, are 
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infested by many parasites end seavengers(Sier, betes, 
Musilids, ete) a5 Melander and Brus (1903) have shown 
in the case of Nocth American CAlerolicias pruinomws The 





proportions. Tbe same iovestigator bat more rently 
(1926) studied our North American fomas of Volucsite 
dombplent and finds that they show striking colour 
renemblasces to the various species of bumblebees of the 
‘mane geograpbical areas. Evra the Meliponine bees have 
their peculiar guests. Wasmanm. (i904) bx» recorded « 
predaccons Staphylinid, Beomehes mordens, wx four 
species ofthe Sip penos Seotocrypts,talem by Goeldi 
4 the nests of some tix species of Meipooa ix Brad 
snd a Stvanid beets, Nesrbins clvicarnis x06 ia larve 
14 ving in a next of Tragona fers. Quite « amber of 
‘ngects have long been Josown to tafest honeybee (se 
‘Asmmus, 2369). The most famocs ae the commen 





the diversity of dations which they bear to theis hosts. 
‘The rymichhrans of persecuted mizoders are mostly 
Staphylinid bectes which turk io the low froqurated 
irulerite of the nevt, svoiding ormtact with the ants an 
‘ach as poneinle and preving oa the brood or enfecbled 
dults, As this categoty is of no umusoa! interest I will 
‘te only a single exannple, a rather common beets in the 





‘emained undcaown tU! Danlethorpe (1g: 19214) showed. 
‘that it consists of the small pellets ("bouts de netio- 
ages") cast out of their wmbuccal pockets by the ats. 
‘More recently Borgmeier (x23) bes foond that the kurv 
of a Brazilian species sctualy devour the larva: of sts 
host, the common fire ant, Solenopsis savisrima. The 
footh Wurthis ewrinilei, which Kemner (1923) describer 
43 living in the silken walls of the nests of Pelyhachs 
bec Jorn cnet cw prestige of 

yphenoeymphily ", is carly 
ayoorkete like 10 many other Tinedie, Among the 
syoorketes must eso be inchaded a large mumber of 
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‘aricd into their temporary nests. Some of the 
Staphylinids axe supposed by Wasmaun to be protected 
from their hoets by thais ant-ke form and the pecwlar 
‘enture of thetr integument, which sely eesembies that 
of the Doryline, others by their broad, couvex bodies 
‘and hard oF slippery sarfaces. Another group comprises 
the enyrmacoclepticn, the best eximplag of which are the 
‘many species of the Thysaminin genus Atelara, of world- 
wile distribution. Atdiwen formicans (Fg. 61), frst 
Obeerved by Janet (1896), might be regarded as a 
syuechthran, since it is sometimes threatened by the 
fants which are unable to hald it fast oa aocount of sts 
slippery integument and rapidly tapering abdomen. It 
moves cantionsly about among the ants (Lariur mixh) 
‘and maps up the droplets of food while they are being 
TShattng myocar te ara of taal Phd 
BS ofa: 
fy, M ‘wtsch T observed in Teras 
fess) in the arty othe Pooeriae, Paredes 
sonderwmia. The larva of this ant is fed by its worker 
ape will ogee of tency Beret the Tem 
‘ills vontal surface ofits abslomen und the Metopma 
Jntva, whlch enceles the neck of the antares ike an 
Blzabetban collar, reaches forward with its head and 
‘partakes of the feast When both antarva and com- 
‘measal are fallgrown, the former opms a cocoon and 
within 1 the Istter forms its pupanim at the posterior 
pole, The adult ant exenges fst, eaing af the anterior 
end of the cocoon an opening througl which the fly can 


ape, 
‘Finally there ls a grosp of syncthetss which spend much 
of their time licking oF sibbling at the surfaces of the 
alt wats aad evideatly deriving some matimeat from 
the secretions or exudates covenng their bodies. Tae 
early blind crickets (Fg. 62} ofthe genus Myrmecoptia 
{Wesker (pot, Wana (ret, Schinmer, m9, 
gio) and the Seaptyinid beetle Orysoma cberthars 

(Gig. 63) of North Afsice Eecherich, 290g) belong to this 
(2oup; abo the small wubapterous tackes of the graus 
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‘Attaphila which Tie ix the fungus gerdens of the laf- 
‘atting Attini. 1 described the typect the geaus, Ansphe 
furgicals, trot the nesta of Atta taxana in 1990 acd have 
recently ten the wae speci sith Guinan the 
fongus gardens of A. cepalos end in those of 
Acromprmas cclcopincens in Panama In the mesotims 
‘few other opocies of the same pecs have bon described 
from the nests of other Attinin South Ameria, ‘Sheford 
1906, 1907) has deseribed an allied roach, Sphwophile 
folybiarem trom the sest of Polybine wasp, Polyia 
‘fopnoa, in British Goinma and a second species, 5. 
‘ermitium froes East African tarmtaia. 

‘a this place I may ako conséer several peculiar 
synaketes and syanchthrans wiih bave been observed 
amore recently and are of unusual interest because they 
cither liv entirely outside the ant nest in the tropbaporie 
Geld or are actually imported from the Inter by fhe ants 
Into the nest and there exhibit quste a diferent type of 
behaviour. They are the more remaricble because they 
blong to the orders Diptera, Lepidoptera ani Heter- 
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(a) Pricoae ccraces is 4. wry interesting Javanone 
‘Heteropteron, which preys on the ants in the trophoporic 
field, Its strcture dnd behaviour eve been descbed 
ty Kiraldy (1971) and Jocobwm (sorte), Ou the 
ttle ofits ventral suriaos ie poseses& perl gland 
‘wth a fame aloe’ tuft of hai (tichomey)._ Staton 
1 elf along the fcegig Se of oxmmon East Indi 
Ant, Hyfestiner hres, at once becomes let 
(on the approach of en ant and rine the anterior portion 
Sts body 20 e810 display ie trichomes, Tht odout 
attracts the ent and fates ft to Bok and able them, 
‘The bog quiet etme, merely folding its freagn over 
the ants beed a2 to make vive of i prey. ‘The ant 
ten miles so avy with ts candi at the trichomes 
‘that it moves the bag up and down. Bat the secretion 
ofthe gland hana tonic and parang efict om the at. 


‘its body. That the paralysis is doe to substance 
fmbited by the act fom the gland nad mot by a thst 
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Seiad for mn tne the wee fom th dy, 
ise he ng ne tno tase” et Sere 
‘they are overtaken by paralysis, even if they bave aot 
‘been touched at all by the bug's proboscis. In this way 
at uch larger mambe of ants ia Cntroyed than actualy 
serves ts food to the bugs, and one must wonder at the 
Weiter of ihe aot wa enstie thet send ext 
r tn popestin et oon se 
Sie en eeterte 
‘eabertsho and theeh he beget ayy 

le the ance omens, 
Gh Risoh on baignepatin of eant a be 
SSI"W ioe ty te tno ake 


snd others, ther mefamorphosis by de Mejere (5909, 
ign), and char remariable behaviour by Jecobson 
(Go°s, toca) is Jara, Jems (ot is Cop, Banks 

‘the Philppines and Farquharson (1914, 1922) ia Nigeia. 
‘Harpogamyia breeds m the water-filled cavities of tree 
‘trunks and is the same situations frequents the tras of 





Jecotmon nad Fnequtarom. Teste te ter accu of 
H.farquharsom (918, 9 X2XGV)._ Tae Creaatogstrs 
tle Rig we ad down he na cnnly 
making ite rectory exhng cor 
sed an pac Ys ti 


i 
5 
i 


warts the mesqult dros down Gs Sight) ale, epg 8 
Hittle io front of the ant—as near a8 possible without 
touching it. The ant tries to evade it, but the mosquito 
‘55a rule declines to be put off, zd the ant at last ropa. 
‘The mosquito quickly setts and the osu raid exchange 
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begion, the mmamuito thrasting out ite proboscis hich 
‘when sat ia action Is carried bext under the body aaich 
like the rostrum of a Reduvid bog—so that the pwolle. 
send is peacially within the at's juws. Tove seen the 
ants pain (to the tnieane) vibrating on it. The 
rreollen partion of the probascis is undoubtedly capable 
of independent movement. may sy that the mosquito 





(1918, 19222) has also described the behaviour of other 
small Nigerian ies (Milichia angyratotdes, practes, 


(4) Even more extraordinary is the behaviour of 
other midges described by Jacobson (2909) and Fazquhas- 
yo (19:8, saan). The former cheered x Miichiid, 

mprmecopila (Be Mejee, 2909) which 
‘rune about after the ante (Hypocines byivbreulata) and 
licks the tips of their abdomen, evidently feeding on the 
‘anal secretions. Occasionally this Gy was also seen to 
{imbibe the excretions (uoney dew) of Mecibrecid nymphs. 
The fly obsarved by Fargaharso is an Ephydsid, 
Rhymchoprlope apices (Colba, 1023). twas fst seen 
(gtd) feeding at the anus of dead Cremetogaster workers, 
‘but later (xg22) Farquharson observed it running after 
and licking Ohe tips of the abdomens of Eving ax{s, lice 
the Javanese Prosetomilichia. Both observers describe 


he 
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caterpillars which acquire relations to the ants after beg 
‘arzied by them into their nests =— 

(9 F. P. Dodd (ogta) foosd that the trst-stuge larva 
of @ small gray Quemaland moth, Cycoloras emoconire, 
fs ectoparastic on a Jessid Homopieron which feeds op 
omtas trow und attexded ead “milked” by 
Indomgrmas saxguiness. The ant carrcs the parasite 
‘bot not the Jama into ite nest. There the former spins 
‘temporary cocoon and later exerges fromait as 
‘iat, bright ed, soca stage larva, with twa Jong tails, 
Tn this elageit ubelats solely on the ant grubs by sucking 
‘out thie juioes, but es in the case of Lomechusa in the 
‘eats of the European Formica sangueace, the wnt is 
artitlly recompensed for the destroction of it» brood. 
‘Dodd ays: Referenos has been made to the cxterpaliars 
‘aisng their terminal segments, even the small ones from 
thecaomn dong, Ta rs gece owaant 

vestigntion. Consequently at various times T have 
placed thera with ands and grobe under glass, in order 
‘that they could be seen to advantage and without risk 

are 





‘of disturbance. When the szal parts are probuded, an 
nt generally soon becomes aware of the fact and will be 
seen to pay thede great attention. T soon noticed that a 
‘quid, often periectly transparent it lock so om the 
‘blue-green ground, peobably was pale bia}, is emitted, 
and that itis greedily drunk up by the ante. Over and 
over gum, with and withont « ens, Ihave eomn thas waue, 
and the ants speedily absorb it: Some ants, perhspt 





uny or mare exterprismg than others, would take 
in e supply toma second caterpar. Un ant in uot 
satificd with the qoamtity given out, she deliberately 
selaes the peotroding parts and gives the a geutle 

‘the mandibles can plaaly beaten to pres upon the juicy 
Sesh ; if the hint is sot ummedsatey ected upon 1 more 
‘rgoroos sysece is given, and the tus may be ripped 
snd prested. This is very comcal, the ant’ meaning i 
Sambsikable and the exterpllar 0 thoroughly ander 
stands if, too for & second hint sever fail, Tis eu, 
‘hug frequent quite clear, soften mixed wit yellowish 
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setter, and at times some jelly ike substance is extnaded ; 





‘rife arg shown as white spots in the fgure) situated on 
the eighth abdominal segment. When fall grown the 
‘caterpillar is found in the Solenopsis nest and there passes 





i 
; 
i 
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itn pupal stage docing the winter. Accordmy to Bruch, 
(he chysaleis provided with oartein papilary (myrmeeo- 
pil) erm wth cm fo prs om tek 

the ants 

T have dwelt on thone casst—and many more might 
Ihave been cted—because they show that the predators 
and synedketes do not setmsarly coufio their uctivities 
othe nnst and because they ilustrate the truly artociah- 
ing diversity of methods employed! fa exploiting tbe norma 
‘behaviour of the ants. The Beoguias axe, of eoutye, 





‘a reduction of the tongue and mamber of pulpal 
ts and modifications of the astemnm, due to & 
fasion of their joints so that they often become clubbed, 
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fa 
‘and adapted to atroiang the host {Chvigeride} or broad 
and compacted so that the ants can mse them ae handles 
by which to drag or carry the guenta about in the neste 
(Paustide). Wammasa has mado a detailed stody of the 
Eopeas wyophile uni speci of the Lomechin 
uoxg9), but our imowleige of the bebaviour of 
tropical ants guests is stil very meagre I referred to 
‘he Lomechusin! in a previous leture, 2 coanecton with 
‘the produetion of peendogynes in colonies in which theoe 
‘beetles breed. Bill statements io regard 10 Lomackuse 
sirumcsa (Fig, 6), ono of the moet typical and certainly 
{he bert kmawn of eympbile, say bere be sided, In it) 
Iarval stage this Staphylind is realy a predatory parasite 
‘in the nesta of Formica songwinee, devosting the ant 
larve, The fat tieue of the Lomechusa larva probably 

sapplie the ante wich an agrsable eatate, and ibe 


Suchen ten mth 
eee seer a 


‘evadenty tented as if (hey were axt larva, mature, they 
faze Duredm the wo, i Use earae manner asthe ant IAT, 
in onder tbat they may porate. The pupe are ale 
unearthed like the act pe, ve 
Samco 
‘only those that baye been eveclooked or forgatten () 
{Ed lee im the soil are able to develop ito acu, Beata, 
‘Attrthe greater part of the ant-brood bas been deseyed 
by the Lomeckosa Iarve, many of the negicied queen 
livin, ate, have seen, develop io, peandogymes, ot 
patbolngioal forms intarnindate betwen workers and 
{quee kad unable (9 perform the functions wf ether af 
the castes which they isaperteciy represent. This i i= 
ity essential outs the history of Comectura nnd Tamast 
‘der for the details to Wasmann's may papers (ee 
‘illagenghy ta his papers of 29252 ane x90). 

‘Lack of apace aso prevents te fram considering the 
parasitic mprmecophies. Some of the more intersting 
OF them, sues av the Encharise and Mermis, which pro- 
SSuce divint structural medications $0 this hows, ave 
teen deserted in preceding lectures, and many other 

ere fd on ment en fe rng 
wbaehepieuan yb tango 
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Jorms, such as the mutes, pamsitic fimgi, ete. are 20 


excretions of Homoptera and Lycenid caterpillar 
‘Although the tarmitophlles have bees: lee studied than 


‘in 191g. Since that time some representatives of other 





‘speces 
South and Central America that we shall probably knee 
to regard the neotropical region ax pounacing the largest 
umber of forms. This it true also of other organisms 
the exnberanee of the insect fauna, especially, of the 
‘Amencan topics is almost inezhaustibie. Very few 
‘teematophiles are Known from the nests of primitive 
termites {Coloteritide), the great majority having been 
taki from the very populous termitaria of the Termitide 
Similarly myrmacophile: are rare in the small colonies 
of the primitive subfamilies of ants (Ponerine, Caea- 
pachying and Peeudomyrmina) and aumerous in speces 
‘and m individuals only in those of the more speciaheed 
‘Doryline, Myrmicine, Dolichoderme and Foramcitae. In 
other words, the guests and parmsites are most readily 
‘tolerated and adopted in the colonies of the most 
Righly socialied species of ants and termite 
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‘suggestive fact, which has not been suficiently stresnd 
in the Ukeratuze. 

Owing to the fact that neezly all the termites are 
uoplal tue a actually Inowa of the behaviour of the 

ali, Lingo hey de i ct, eon pin, 
‘with their ‘certainly bave a more 
specialised and lew diversified maedrum than the 
smymascopbiler, In nearly all cases the relations with 
‘the hosts have bom inferred, with more or lve probably, 
from the structure of the termtoptiles and ot from 
setval observations or experiments. Warren (1616) bas 
oo clearly sumzarized cur present knowindge of these 
elation that I qoote bis remsaczs =~ 

“It is ear from the condition of the mandibles that 
‘may termitophiles uttack the young of the termites end 
suck the folds of the body, a thus shoud the terito- 
piles in a nest be numerous, the community would be 
injured by thar presence. Tt is socordingly ueceseary 
‘that the termitophile should adept come mens for 
‘pling the termite community, since itis quite obvious 
‘that 20 termitophile could withstand a combined attack 
Iby 2 mumber of sokiers or workers. The various means 
Adopted may be now summarzed : 

(2) By the assumption of simple, rounded eontont 
the body may be rendered inaccessible to easy attack, 
and further, t may be fattened and very smooth, This 
fs the defensive type (" Trutetypas ") of Waxmann, 

(2) Loss frequently the body is provided with stiff 
Delatles, which woud reader approceh by the termite 
somewbat troublesome or disagreeable. 

G) It is inberently probable that some termitophiles 
can protect themselves from attack by the power of 
producing a scent which is dished by the termites, od 
(hey accordingly avoid the intruders ab much as posable, 

(4) On the other hand, some ternitophile we not 
stunned im the least by the termites, and they live im the 
lovest communication with them. Theee termitophile, 
may possess Do obvious exdatory organs, bat they may 
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Ive well-developed sceat glands, und it i to be supposed, 
‘that the odour is plessing to the termite conumunity. 


(3) Otter termitopiles ae provided with conspicuous 
‘outgrowth from the body, and thelr mleroecopi tructare 
{odicates that thas exode from them. "From analogy 
‘with myrmecoptale it fa certain that these Bubs eter 
jeand form an agreeable perfume or are Licked 
‘ap by fe termatan 
(6) In « few cases the bodies of termitoptuls curry 
dusters of bright yellow bu. Soch yellow bairs are 
‘roquenty preset oa myreecoptle, und the ants of the 
ast have bem seen to lick them with gmat acidity. 
Dr. Brauss bas dawa my attention tothe occasional 
cocurrence of these hairy io termulophiles, and we may 
suppose that they Eave 2 similar sttracton to. the 
termites. 


(7) Sometimes the boduss of tarmitophiles axe greatly 
mated, or physogastne, as it 1 called, and there may 


It is obvious that the course of termitophile evolution 
‘parallels that of the myrmecaphulas, Ta both caves there 
tw the same origin from aynechthmns and synoeketes, 
‘whch, an they become more intimate with their host, 
gradually take on the pecaliar characters of symphiles, 
‘Warren dos not consider the {atemal and extemal 
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“The most striking charactesiate of many tenmitephiles 
‘is phyvogustry, or the exceuive enlargement of the 
abviomen, which closely reenbles that of the hosts and 
opodally that of the old queens. It is due to several 
causes, sich a8 e great incense im the fatty or exudate 
tinue ‘or eclargement of the slimeniary tract oF Tepfo- 
ductive organs (Wasmann (2903), Tragizdh (907 «and 8) 
an aren (5:9 190) sad ep otceabe ln 
‘certain Caleopteren larwe, adult Staptylmids of numerous 
(genera and the strange Diptera of the genera Termitzxnia, 
Termitomyia, Piochomyia, Teratomastus, ete. In ome 
predatory Coloopteran larva, hike those of the Carbid 
Glypins punctadatus, which live in the nests of the Afsian 
ihe Saphyine ocr Ba ages eats 
“ ‘it ooours cs 
{x moot remariable, one may truly say monstrous, forms 
‘Warren has coustrocted « diagram (Fig. 68) to strate 
the three independent limes of phylogenetic development 
isthe prema of thee tnt the Cine ret 
repocs, from an ontisary predaccous 

Sopp Ue’ Myzmsioela"Ameag 2 cliteeia 
‘immbar of forms we may tekct as example of highly 
developed physogastry Corymbagasie, oranda from 
‘Betish Goma, Corfoce melentho snd phpie from Brazil, 
CEAiprescma mirendsom Foor Kiron. eo Thyrecsenut 
‘ulchdut of Beets Guisma. The two last forms arn 99 
Aberrant that only an expert Coleoptenst would regntee 
them as Staphylinds. But there are even more bizarre 
‘ypet, which ere not only extremely physognatre bat 
possess in aditan long exwdatoral appendages, eg, the 
viviparous Spinachine owrymebuse (Pig. 65) long ago 

desetbed by Schodte (2855 1890) from Bene and the 
even more extraordinary form, Sparachuhe miraiehs (Fig, 
70), reoently dncovered by Emmerson in Eetah Guiana 
and dererbed by Mann (xg23). The peellar structere of 
fis three pair of emudatoria has been elucidated by 
Melaloo (2923). T happened to be with Dr. Emerson 
‘when be found a number af specimens ofthis termitophile 
in the nest of Naswitermes (Consrictters) covifrone ia 
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the euperb forest at Kalaooon. When the temmiter and 
‘heir guests were brought into the laboratory we saw the 
formar carcying the beetles about and frequently Bcking 
not only ther exudatorla, which seemed to have sticky 
for glutinous surfaces, but also other portions of their 


‘achyaima (Figs. 57 and 8), deuenbed in former este, 
is ony suggestive 

‘The phynogestiic Diptera cbove mentioned are in 
ceriaia Yespecta even more aberrant than the Staphy- 
‘lds, becaine they alo awe rock reduced wings amd 
yes. ig. 72). One of she genera, Termstomastus 
(Fig. 710), belongs to the suborder Nematocera and was 
discovered by Slivestes (1993) im South America, The 
others, ‘Termtoxenia (Fig. 7x4}, Temmitomyia and 
Prochomyia (Fig. 7mm) occur wn the Onecial and 
‘Bthiopian regons and have been studied by Wasmann 
(2900-19044), Asszrath (2523), Bayaion (19336), Bruce 
{co18), and Silvestri (1920). The great similanty of the 

y, wabaptery, microphthalmy, ete., of the hes 
and beetles hare beiefly considered to the termites tham- 
anlves would seem to be most naterally explained as the 
resnit of adaptation to the pooukar trophalictic habs 
‘of the termites and to the same physical and trophic 
conditions, namely the crowding in dark oavitien poo in 
‘orygea and of rather low temperature compared with 
{Bi surrounding ar and sol, the abundence of food, et 
‘These very conditions are Known to produce quite 
‘simer results an other snsects. (Compare ¢g. the 
phynogastry end accumulation of lat, mcrooephaly and 
Absence of e7es m the parasitic lave: of Hymonrptere, 
Dipera, et, the aptery and inde of many hypogwc 
snd cave insects, e<) 

“in conchsion something mast be sad concermng the 
opinions that have been advanced to account for the 
cextranrdinary behaviour nd morpbologiea) idiorymcrasisa 
of the mymmccophiles and termitophules on the one had 
‘nd the reciprocal bebavicur of ther boats on the other, 
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Unfortusately the general consideration of the subject 
thas been wrapped in cloude of specalation, largely throng 
‘Wasmana's unceasing efforts to ramove it fram the fed 
of legitimate biolagical inquiry to that of the neothomistic 
Philosophy which ia now 20 assidsously cultivated by 
‘the Jeralis, He har elaborated bis opinions in a long 
erie of articles, the bibliography of which may be found 





‘perlacing 
amoog his doraesticated acwaals sod plants. Escherich 
(1898, x902, x92), Schimmer (1909, 1910) and (29108) 
have never accepted this view, and I am still unable to 
sea that Wanna has socomsfally Gupored of ot 
arguments, Tae whole maiter comes down to the 
amuwer to two questions : Do ants and termites possons 
special symphihe inatzscts? and : 1s the asscmption of 
Amical eeletion necrasary to aomamt for the facts? Ja 
ny opiaion both questions are to be answered ii the 
negative. 

Tt is uanecescary to consider al the vanous eytaphiles 
which Wasmann bas 60 long and 20 diligentiy studied. 
A bret sccount of Lomerkane srumeca, bis chief battle 
horse and according to his own statement ont of the oat 
typical of aymphles, bas alresdy been given snd will 
sufice as an stration. He believes thst Formos 
sanguinea, the host of ths tect, bas acquired daring i 
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‘phylogeny « special symphiic instmct which impels ft to 
‘foster Lamechasa to the detriment of its colonies and 
therefore to the detriment of its speces, and regards the 
case as furnishing a crucial engumect ageinst natural 
selection und un incontestable proof of the existence of 
‘umical selection. The same reasoning is, of course, made 
to apply, wdatis mutandis, to Claciger sslaceus which 
ves with Lane flavus, the Peussids which live with 
Aiflerent species of Pheidole, the phymgastzic Staphy- 
aids which live with various termites, etc. 

‘The argument looks plausible til we examine it more 
citically. When we ask how the pesticuler instinct to 
foster Lomechusa became established, i.e, hereditary, in 
ongwines, we see that Wesmann hay taken a great deal 
for granted. Of course, we really imew nothing about 
‘the phylogeny of sangwiers in its ration to Lomechusa. 
‘The sengwinea queen and her fertile female offspring in 
‘colomes that are old euough to be infested by the beetle, 
pay vo particular altention to the parasite and could 
Aherefore aoqsire such an instinct as Wesmans postulates 
coaly by inspiration. The workers, which do look after 
‘the beetles, rarely reproduce and probably never reproduce 
in infested. colonies and would thereiore mot be in a 
‘Postion fo transmit even if they acquired such an instinct. 








Dopeless. Of eure, be might contend that Lomechusa 
‘was once a miversal sanguonca parasite or, at any rate, 
much more abundant cod more umformly distributed 
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‘than at present, but if this bad been the cate, how could 


‘The perusal of Wasmenn's peper Teaver one with the 
amprestion that be is beat of abowing that eymphily 
is eomething biolopcally unique and thet for every 

in ant Behaviour we arp bound to postulate 
‘2 specific instmet, To repeat what I said in my "Social 
Life Among the Insects " 1ftheee of my msiden susts are 


i 


‘ebarophilows, oxy aumt Mary a pes and my 
aut Jane. ithe mstinct, and that the 
poatcasion of these matincts ‘their 


‘atisfectorily explains 

‘behaviour. It ls omly too that the phytician 

fas merely called the stizwoli that severally affect my 
fondzess”, 
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during the fogeny im edaptation to particular 
‘aymphiles, aie aco chy tan stots beeny 
tlre reson to axtame that the rxpoges of sooal insects 
(o particular sympbiles have specific enesc determmaton, 
tats tint: ae reliance foe verter cote sot sir 
perautes should be stmilsrly determined. Slight ox 

‘uediGentiona well witha the Brit ofthe plastic, 
fr imeligent ” behaviour of the antn und termites, a5 
reoponies to the specie organisation and bebavioa: of 
the eymphilt, sem amply valicient to uconont for the 
pheoomen. 


‘But the syesphilc sostmets and amical seloction are 
only two of the peruliar notions which Wasmnan aa 
Introduced into te general consideration of the aut end 
termite guests. He abo operates wth other dubious, 
fo at any rate mghly speculative, conceptions such as 





hile. I have no desme to discuss such opmioas but 
‘would merely pount out that the biiogst who falls wader 
their spell must sooner or later become involved in 
fancies winch fax transcend and neceseariy tend to deform 
thetaets of observation. That Wasmam has been unable 
fo avoid this pitfall = apparect from bs account of 
‘Teemitoxena and its ales, the pecubar subapterous, 
hypogastric Phonds to which Iheve referee, When bo 
first discovered them he advanced the sensational clam 
that they were hermapbroditic, that they did mot lay 
Sape snd bave lar ‘he other Diptem, ut were 
viviparous, or ra producing young of 
{En luk fro, tetera wings ete a 
“organs of equilibration or at handles to enable the 
termites to carry them about, thet they fed as parsaite: 
tu the termate brood, ete. After these suppontions had 
een repeated by Wasmann, Asemuth and otbers for 
some years und had even been cited as facts in various 





1 Hot» decrmmen of Wommnars scoot of 
scigeies Sat Ea cemnect eo ot Be ba, oe Hee 
tank maseet. 


- say 
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opnlar works, they have now been proved to be without 
foundation. Brus (19088), Bugmion (1913) and Silvestri 
{igao) have shown that Termitorenia it ot 

‘ile, and Reraner (x52t, roa6) bas found that 3 Deyn 
gm, bas larve ofa normal Dipteras type, which feed on 
the terate was, that the ad ix in all probability fa 
bby regurgitation, that the wings are uot employed at 
baleboers or handles, ete. Ia view of the claps cf 
(is ec of vensational inference, erected on a collection 
of aleaboii specimens, can we be oraruod if we suspect 
Ghat tome of the other elaborate constructions of the 
loam Jewuit may, on forther examination, prove to be 
atte ws inectze ? 





pareciom, 5 
‘of evolution it & interesting to note that the namenas 
‘cases of socal parasitiem now Known are all sporadic and 
convergent Gevelopaments, and if we omit the termites 28 
‘we aball have to, owing to insufficient knowledge snd the 
limits of oor time, and confine our attention to the 
‘Acaleates, we shall find that the infestation of their 
‘colomes by other Aculeates is in many of ts features quite 


groups and races by other human gronps and races, ie, 


Ed 


‘THE SOCIAL INSECTS 
(parasitiom existing between sociatis of the samme specie, 


‘A abject which bas not received che attention i deserves 





6) and Sladen (2928) 
et. States, Besta 


tis 


Ammencan host is still 


be 


¥. consodrine. V, 


A 


Hat Hi 


ih 
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ardico, 13 Fletcher (2908), Taylor and I (2gar} bave 


tach nurture, what were once Independent soe insects, 
with two datict female casts, have actually reverted 





(eee Wheeler, 23a}, not surprising t0 fd that the 
social bees also have Apid peresites, In fact, all the 
subfamilies, except the Apinw, have such satellites, and 
in each cave it evident that the parasite ie denceuied 
fom the eaze gens a8 the host Brauns (rea) has 
Aeacrbed a species, Eucondyiobs hau, as a parasite of 
‘Alndape, but has ‘made ao observations on ity Iabits 
‘The common bees of the genus Sphecodes have been 
stuthed by 2 loug series of imvestigntors: Walckenaer 
(2819), Weeeae (2839), Lepeleter (vq), Spmola (085%), 
Taschenberg (1866), F. Smuth (3852), Sichel (x869), 
Bretenbach (1898), Pécee (2884), Perkans (188, 7885), 
Morice (z901), Ferton (1890, 1898, 1905), Marchal [1890, 
hoy), Sladen (xg), Nidboo (2903), Frese (2929), o., 
Dot we stil lick a defnitive account of eis relations to 
thea host, the bees of the genus Halicts. A puper by 
‘Stockert, which promises to dodate this exaiter, bas 
ot yet heen pubiishad, From the obmervations of many 
Othe ator ahve Sane i on hatte 
old Haletus fecoules, which guard the mest entrances, 
‘violently rest the Intrinion of the Sphtcodes. Fert 
{igos) saw a S. onlywadrates breaking mio « nest of 
Halicha malachuras :.” Usable to veme the vetinal that 
‘obetrmeted the entrance with Der Reed, she burrowed 
towards the beet" gulery and thus succeeded in sicing 
tnd lelbng the guardian and cast ber backward and out 
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a the theory of  polyphyletc otigin, it may be really 
(genetic (Plath, 1gaz). The female Puithyrus has some 
Aiffcalty in entering 1 Bombos cest, and after entering, 
wil not tolarate tha presence of another Paithras female, 
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roughly rolling them about under her body, but does not 
sting them, " After this period of * getting acquamted‘ 





Sere wierea es 
Steeeeenenee 
‘Fhene (1923) has poblished on predatory neotropical 
ate ereeeraene 
‘He tegards the species, formerly called Trigona Ameo, as 
Son noweneineess 
‘because the workers lack the corbuls on the hind legs, 
4 condition which proves that they do net collect pollen. 
Een tee 
Seance ame nee 
cope ee 
iopersts stat nom ae 
fgg per 
ates 
Tare eas kaos 
Bt Ceres 
cmt 
can hardly be regarded 
hoe tan cee 
sharon 
the aggs and lurve of its host. The behaviour 
‘Sphecodes, so far an known, seems to be similar, That of 
Fae oeet eecimestneae re 
Seay eee 









‘The literature on the social parasites among ants has 


Yor cco moet maisahe ebermnboer co Pothyrm se 
a fro) 
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sows to be 20 voiuminoos thst [um enable to ote ll 
Fie Mach oft lated in my books (9200, 19a) and 
i the frst vokime of Weamanna ~ Gulacatabben Get 
‘Aneta (25089) -Aa would be expected, the om. 
ditioas eorma ‘pecubarly complcated when a social 
‘sporptai, ch een et cay, become ntanaly 
tiiociaed with anather etlany. “Wasa, long. ag0 
{elgy) divided al these couociaticas into two categons, 
he Componnd nats "aod" eed abate”, ARbough 
thee are sil ceuventent divisions, the dstnciom, 29 
All chow a the sequels not ehesp 03 Wasmaso 
suppossd,” ‘The coenpoand eves are caocato between 
two or tore elie colonic of ent, of ants and termite, 
OF of termes, Living in clos cociguty bat really i 
diterat vests and. reocng. thes respective becods 
teparatey. The mined ealties of ante fone ta known 
tooong tenmit), represent u faba ofthe persed! of 
{wo of ray more close, which ocoupy the eae est 
fn rear ther broods common, With vary rare 
‘aceptons oly one of the coamae cope, Bas 
‘tere mother queca as wal as wockern ‘The anit 
noe xpos te apo, seo, prone 
Inner ea 

{plsiabiods), parabione and xeobitc, or ynmecophi- 
Kes, Togatier them schgneps comgiien« masher of 
xen, ranging tm mere cosaguy, Based on the active 
[Pedatem of one ofthe compeoents, heongh mdifernt 
{oleraton or a fecbls cobperation to 8 dairy 
Sympllie condition. ‘The seks, of which T desaibe 
ome examples, therefore jacalels the  pengrestve 
Sivslopment of the exyrnectpiues and termiophil, 
fom "tymuchtran, through syarketc to aymphiie 
teatans wih the best. 

(2) Dilerect colon of ants even ofthe sume species 
srt > hosts to one another that ther mete ese fa 
toigcky ipsa tht ene of the species is 10 some 
Siem coping tis nagbour. Carin small But 
Sumreve rpc, which secre at ast a petion of thee 
Stitenance By waylaying te Sregag metas of another 





a Xun 
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@) What Forel (898) call“ parabiosis” 
which may be translated as " tutelage", secma to be 8 
snore defite ration of mstual or unaeral protection, 
fn a typical cate, which T recently observed in Betch 
Guiana (oar), we have two species, a small black 








lstacbance at once brings ou: the battalions of the such 
larger and extremely pugsacioos brown species. The 
CCeematogarter oem thereore to act as «skirausbing ine 
for the Camposotus. Although tbe gullerise of both 
species open freely into one another, and thovgh the 
fom ern af ag Sere lly eg 
surrounding vegetation, they nevertheless 
‘broods rigsly seperated. 

(G) Tha raationahip between the ants oocupying 
compound nests besser stl more intimate in the ames 
cof renobions, of which Lepicthoras emersows wd Mreice 
canadenns furnish the best example. As we Dave seen 
in a preceding lecture, this Leptothorax bas really 
‘ecome & true guest,or symplile, fouing on the mrfaoe 
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ering ia hat end beng nd with meus tad 
by the latter (Wheeler, rgore, 1903, 29074). 

Beak specs bony p Wee bros sopcey tipo 
sm artifical nota containing 30 carth, to compel them to 
1ungle their broods and form a mized colony. To the 
same group of guest-ants beloogs another North America 
tpecies, Symenyrmica chemberians, which ives in the nests 
Of Memes madicn ia Utah, and bes wingless mace 
(Whoder, 19042), and the “Europese” Formicesemur 
‘idadus, which fives m the mounds of Formica rufa aod 
frdensa’ tad aco las wages, but deadelly 
ergstomorpbic males, 

‘Although P. midudur bas been studied by Aderx 
(cit), Warman (r8gt, 19236), and Stumper (2928s, 
or, 1922), noae of these anvestigators hus been able 
10 determine the precse mature of iy food, Stomper 
‘bebeved that st feeds on the rain water charged with 
vegttuble matter after fltenng through the materials 
of the Formica nests, bat Stiger (192s) has been able to 
show thet it obtaazs its food from ts bosts 1a zzoch the 
same manner as Leflcthorax emerson, This is proved by 
the observation which I quote: " Two fratmass worker 
were feeding one acotber in the enstomary mancer, 
squatting and stroking one anothers heads with thar 
antenna till one of them regurgstated 2 drop which tbe 
‘other imbibed. ‘Thus was pothing ‘musual, but 
the performance ane of tbe guest ants that hed been 
Ihangiog azomd the feeding peic, comes up in haste, 
umbs ‘from the ventral sxie to the mouth of the 
regurptating ind:viduol and partakes of the drop. Team 
searealy believe my eyes. ‘The two reionns workers 
seperate, acd the guest ext dismoonis from ber host, 
‘Thea in aaother pact of the artfexal nest two ants begia 
the set of feding. Instantly a Formicoseavs {ths time) 
‘soounts the back ofthe regurgating ant, reaches forward 
‘over her heed and snatches its share of the meal. The 
‘protease worker that is beiog fed moves any, pechaps 
Gistuzbet by the intrusion, The regugieling ent, 
however, does not budge, but remains squetting with 


oat ant, of which 5 publabed. nu account 1925. 
‘Boru th rainy sean let fourteen spose of fungus. 








Pao NUT 
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species live amicably together and occasionally lick one 
aotber but exchange oo other attentions, When 
‘transferred to artificial nests, the workers of both species 
were seem to live and feed on the fungur-gardens which 
ae ciltivated exchauvely by the Sencamynnex, "The 
queens, which were oftes found resting side by tide on, 
the fungus, scatter their eggs among mts tufted hypbir. 
‘Tho larve and pope ere Gueefore mingled togethes, but 
0 far as I was able 10 cbierve, cach species cares only 
for 1s ows progeny. This case x of ummrtal interest 
fit, because the guest ant belongs to a peeuiay goo, 
‘the other Inown specis of which are not mycetopbagous, 
and tocund, beenuse it evidently exlnbits a condition 
clearly imtermedute between the compound nests and 
snixed colopies of Wasmann, Ihave cae this new and 
‘sgn of socal emi“ mystic 

¢ ants tbet hve in the venous compound mesty are 
‘ot eonely alhed but belong to diferent genera or even 
‘bam «fact wach may explain why. except inthe 
ease of Sencomyrmex and Cepobroticns, they oocipy 
seperate nests and do not brag up thar broods in 
toutmon, forthe rourmg of the bod isa vay debate 
operation and would be apt to éifer considerably in 
‘Lffyent specs, Wa are therefore prepared to fn that 
mixed colonies aze formed only by cloely albed species, 
‘e., mthes by those Balongang to the santa gems or (9 
cotely allied genera, and this proves to be the cass, 
Bot before coamdersg the vanoss types of mized 
cnlomes, two facts must be emphasised : First, many ants 
are foad of Kidnapping and devourmg the larva and papa 
belonging to other colonies of thar own or other species. 
One whole subfamily, the Doryime, exiuhits thie rapacoas 
halt very elealy. Thave often wnessed sock raida 
by our stoaer species of Econ (Acsmatis), and have 
‘observed more recently the sane behaviour ou 1 mote 
cexteoswe scale in the larger speces (E. dorclulh and 
aman). Moreover, o> 1 observed mm Austria, the 
anoubers of at east one geass of Cerapachyine, 
-ruyrocaces, make similar forays on other ants apd carry 
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‘home their brood as prey. Mr. J. Clase of Perth, West 
‘Austealla, writes ma that be has secently watuassed sock 
' maid ofan undescrbed species af Payracaces on a calony 





the cok of ax ulin species may be very host to 
wis own sisters that have been Jet to grow up in the 





ductive organ of the colony concidered asa euperorganism, 
‘the host colony may be suki to be castrated and sts sterile 
‘worker personnel s constrained to devote all its energies 
to rearing the beood which in forthwith produced by the 
fecund parasite, With thesa general statements io mind 
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Haber (2810), the son of the bind Franguis Huber, and 
‘have ever since commanded the attextion of m 

‘sts, became its armicg of workers mabe penodical 
{orayn onthe coloases ofthe commen black Fermece tea, 
«amy the worker larve-end pope into theiruest and permit, 
‘many of them to emerge and became munbert of Ge 
Calony. Thee the coloay is mined, and the back 
‘ndrrduals, on account of their coloar and 

have bees ‘called slaves. It is evidect, however, thet 
this tern is iapproprate, fora slave wa tan who Se 
the property of another, potically and socally st » 
lower level than the masn of the people, and performing 
sompulaory labour“ (Nieboer), and none of thee 
<istinctions appli t the funca worcers tthe sang 
Dest. They might more properly be calls“ auxlsines” 
(Etimamednes). At lout oun af the subypeces of 
Ievgyinca (ares) does not ake lave, und the clams 
of some of the other forms give up the habit after atime, 


286 ‘THE SOCIAL INSECTS 


forthe smewine colony, when ance etabtsbed, is quite 
Sie to ind un Satepeadear ie,” Darwin and oft 
fered veriow expansions ofthe perniar hvealing 
atte cf aengecni, ok ve ceasing romain cow 
‘till I discovered (1903, 1905, 19075. 1g0fc}, that it had 
ita cign in the bobaviont of the yong goern. Sho 18 
(qe taabie te fond a eny sigpendeay and there 
fore, after her marriage thght, may adopt one of three 
toute sh tay pevuin to the Ret An wlodh he we 
feared or etter sue other aongwect Det, OF she Day 
rade nest of Forms fea As he St a0 00d 
futon are secneamen edipted by otber en eal Go ot 
feed to the fouston of led colaie, they niet 30 
fereser soonderation inthis pace and we may cone 
‘our attention to the last. As soon as the sanguinea queen 
invades a fusca colony, she becomes greatly excited and 
feterted x the bead, slr aod cect 0 «pl ab 
many pope as she cap snatch up and mounts guard over 
Cent, she says ny fc worse that are eld eng 
to attempt to regam their property aad 25 therefore sooo 
Jett m undisputed possession of her pixader Eventually, 
fusca worker merge tm the cocoons aod at ebce 
‘assume a friendly attitude towards the queen, feed ber by 
Teetgtation and bebave toward her as fhe wee hee 
own mother. She begins to lay eggs and the resultmg 
inrve are fe and red by the lack worker, vat 
then the songunce workers ecege 2 tite osoay is 
Tetablabed.” ewe wockers how at they beve nested 
far mother’s proce by Talasppng tho bed of 
Slghiouring ase colon, ut they do tom a an ary 
ind cary he june brood to herpes. In some colnies, 
Sr have tated, tis Indeappeng, of cveselang 
brocinty may diappeer afer & te, and im area 8 
seems to lapse very early or perhaps is not even inherited 
Uy tte workers. in such canes, thereiore, Ue pero) 
fold clones may be inde 8p extrcy of tangnee 
her the batch of fare workort Hdoagped aod" 
bys quan hes ind of lt age. 

The Hehavioet which T have oberved i the young 
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‘unable to make nests or even to feed themselves, or 10 
care for their gwn young, but art absclntely dependent 
fon their slaves, Like ‘samgwees the amazoos mike 
penodical forays, which for some seaton are always 
carried out In the aftersoos, but ther armies khow a, 


: 
Soe re tere 
sein otsetee soo 


toed wich al later make te sve ua‘ te foea 
‘colonies. Since this raiding procivity never lapses even. 
{mold colocies, Polyergus isto be regarded 2s « permanent, 
chronic, or obligatory dave masker. 

In Europe there are several species of the interesting 


Mrfodkr, Fare! and 1 (390g), have found that colonies of 
‘asp infsted by this species may retain the bost 
queen. Is order to tablish ber colony, theretore, the 





‘ergatosd females this type of founding a colony 
‘aoprobable since the outcome must be easily frustrated 
sompared with the omaing ofa cn daring fore 
‘The two colonies, farthermore, had the appeurance of 
having been tstabliahed in hindered este", 
Hargagosenas americanus wan Sacovered by Pergande 
im a net of Leplothoras cervinpuncons ut Washington, D.C. 
and deveribed by Emery in 1893 In 1go6 I pubhubed a 
few notes on three mixed colonies of the same ants found 
in elder twigs at Bronxville, N.Y. In xo25, Sturtevant 
lgcovered & mixed calomy in an oak gall on Naushoa 
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ond, Massachusetts, Mare receatly {1527} tha in- 
veatigetor and Creighton {3927 bave been able to task 
0 sauny oleervatious on H, emarieneay that we have 
Faddenly acquired a better Imowicdge of is behaviour 
than of that of the European svlanis. In two locates 
1a New Jersey, Sturtevant Gsosvecc! some seventers 
Colonics, m moet of which the yew L. cwsispowosue 
was the Rost, but cocuscaly this réle was assumed 
by the black Z longiopencess. His experiments chow that 
‘the betaviour of the parasite iz very umnch like that of 
sublavis. The quaens ate winged and coelate; erated 
andivduals are rere. Ceighton's fed observations om 
‘wamber of colonies were made at Toxado, New York, 
Ta this locality the common host of omericanss was 
L. longispinernz. thoogh ont oncenally large colony 
‘contained both hoes as I had Sound in a single coleny’ at 
Bromxville. He rarsmaries his coneasioascn the method 
of colony farmution aad the slave raids, which as 19 
Friperus ar condncted dorng te afternoon hor, at 


‘ele much remain tobe den i snow pou to 
sketch the ethology of H americamse ; a busty sketch 
to be sure, with aay masamng features typothetsally 
supplied, bat et leat a beginning. In this pacture we see 
the fertilized Harpagnxeasa quam entenng Leptothorax 
nest by force. Having driven nwey or lllsd the original 
‘owners ofthe brood she appropriates this, tends it and is 
fm tur teaded by the renting Leptothoris: workers, 
until in time there arses a maxed colocy. Whea the 
‘cobay is well established the duoiic mstinet ranifeste 
‘self in the Harpogoxeaus workers. These gain entrance 
to some Leptothorax cest after « long strugele in which 
their greater hardiness and superior sie Sinally euable 
‘hem fo hall or intimidate the Leptothocax workers. If 
the extereal conditions are favourable, the raid is cared 
‘to successfal conchision end the brood of the pinged 
‘uest is carved back to the mized colony. I the return of 
he rudders is rendered impossible thee a fragmentary 
‘Harpogozenve-Leptotborax tolony results, 
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“The slave raids of Harpagoxams show none of tha 
organtation end spirit so charecterisi: of those of 

‘They fall far short even of the Imver degree 
of co-operation extubited by F. sangunee Nevertheless 
‘they ure of great interest, sioce they appear to be the lant 
rmaniestatian of « runing charac, They tow the 





solumm of three doparted for the Leptothorax uest. 
“However, this cokumn broks up almost at once apd was, 
[ believe, purely fortuitees, On arming at the Lepto- 
‘thorax nest, the Harpagoxme wastes po time in 
preliminaries but enters at once. Having seamed a larva 
OF pupa it emerges as quetly 25 tt ewered apd retams 
with 1 burden to its own nest. Quite often they lose 
their way and Thave soma a member of them captured by 
aamall apdere while ruding. The action of Hargaguanss 
atter i enters the raided nest could mot, of course, be 
followed ia the fed However, observation of ant in 
Artifical nesta shows that the brood 1s obtained by force 
fand ot by stealth, although indeed, the action of the 
‘Lnptothorex during a rid faruisbes ample evidence that 
‘hus isthe cane’ 

(@) In 1904 T detected another method of forming 
resxed colons, which T called temporary, although it 
right have bom called acute, or “protean ", 40 use 
CCaully’s teem (1923), social paranitam, Tt s paced 
‘oy a mnmber of species belonging to at east three of the 
sibfamilesof ants ; several Former and Lasix among fhe 
Formicmm,certaz species of Bothromymnex amcug the 
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Te has also been found that ehe varions subspecies and 
varieties of Latinr umbrates ic Enrope and North Amecica 
are temporary social paranites of L. niga and its varieties 
(Grawky, 1909, Crumley and Dovisthorpe, 1913, Was- 
mans, 19092, 1923¢, Tanquary, 1912, Wheeler, 19174, 
Ruxtin, p24) od, what & mom renaciabe, tbe 
‘asin (Dewteslasius) fulogincens bas 

eeu grovel send Sa cose we cs ora 
‘or bicerndt workers (Denlethoepe, 897, 3923, te., 

Danisthorpe, 





to observe mumerons young queens of L. sembrahat 
_rubunebratus ia the act of bunting out colonies of Z. mger 
var, somger and sithetans and seensing adoption in 
them at am altitude of 9.000 feet at Clonterot in the 


trichome like pilouty, ar, pechape, temporary parasites 
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‘burrow by her gp end antenne. After entering the nest 
‘the parasite ray be attacked froe: time to time by the 
‘workers, but she tales zefoge o2 the brood or on the back 
of tba lage Tapinome queen. In either of thess portions 
she scems to be quite mssune from melastation, probally 
‘because her own odour is overlaid by that of the brood 


‘becomes the property of a thnving, pure colony of 
decopibens. 


5 
(@) No lee than feurfeen genera and seventeen epecins 
of ant, from various parts ofthe work, may be casted 
ft percanent, or chante socal parsstes. They have 
campletely lot the workar caste so Uhat ix this cerpact 
they claely rsconble Vespa amr und ances and the 
spones of Pathyros. We may distmpush twa ype 
aimong these permanent parasites, thoee a which the male 
tod female are similar in sae and structure and of ermal 
habitus, (0 but litte modised (Eplpbedole, Syrapherdols, 
‘Wheelacala, Epmcus, ete.) and thoee In which one of 
oth sexes show distzct degenerative “modification 
(Anerystes, Anergatider, Brochomyrms), The yong 
eens enter the nest of other axis an secure adoption, 

‘the queens of the temporary vochl paraates. The 
Jat quown tera to be regularly acsausinated by her owe, 
‘workers. At lest this han bean observed by Sentschi 
(Fore, 1906) ia the case of Wheaerielawontechs Fig. 77), 
‘whlch Hvac in the nests of the common North Afscan 
‘Monomeriam salemonie. Aer fecxndation the Whuslo 
‘alta qocen voams about over the surface of the sol in 
search of a Meoomoriam nest. Whea near the entrance 
of one of them she is "arrested", to use Santech's 
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exprenuna, by a bund of Mooomorium workers, which 
‘tugat her kgs and antennae and draw ber isto the galleries, 


‘There are mo signs of anger oc the past of the Mono- 
‘mort, and sha is soon permitted 10 move about the 
falles amok. The work then begin o fet 
‘and adopt her and in the course of a few dave abe Layo 
her first oggs, which are accepted and cared for by the 
hhost, The parasite pays no attention to the roach 
Mooomertum 





‘Anergates, whsch lives with Taamorinoe caspitam and 
has been studied by 2 number of sveshgxtors, the quera 
13 small and winged, but afr dedlaion and adoption 
har guser swells eotmocsly with egg til she somewhat 
resembles en ld termite queen, The male is wingla 
tnd pups-hke and unable to leave the sest. Mating 
‘therefore takes place between brother and ster 
(adelphogamy "of Fore), The comtions in Auet- 
tutides and Brochomyrma which live ia the sets of 
Phadole speci, ore somewhat similar. Tz all these 
‘workeries parasites the offspring of the iotrusfve oem, 
Are, of coure, all males aod females tod are produced 
dlanng the itelime of the bast workers. ‘The colonies ate 
‘therefore mixed throughout ther existence which is 
‘ermunated by the death of the bot. 

“Arbough the foregoing account of the vanous forms 
of wal pamaitica has been greatly condensed ia order 
to bring it within the compass of a single Iectere, Dut 
Atle space emai for a few couchuding remarks, Tt 
wil be noticed that all the Boats are very. abundant, 

ey distributed and therefore domisext species. This 
i particularly true of Formos. fasce, Teramoriam 
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caspitnes, Tapinoms aigerina, Moscmoriua salomonis, 
Leplethoras acorvorsm, tc. Neazly all the hosts, more- 
‘over, produce large colonies because they have proli 

(queens and workers thet are very successful in rearing 
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relations of the three types of behaviour exhibited by the 
ddulotc, temporary and Permenent social parasites acsong, 
‘theants, They obviously form a series comparable with 


investigators agree that’ the workerles, permanrut 
‘Parasites represent the Smal, dogenerete and evancicent 
‘evolutionary stage im the scrim of social parautes, but 
‘oinioas are drvided ix regard to the initial, or primitive 
Stage. Wasmann and Piérom (3910) contend that it is 
represented by the temporary parusites and would derive 
their behaviowr from nat of queen ants which, after 
‘ecundation, seek and secure adoptios in colonses of ther 
own specien (econeary pleometcais. From temporary 
paruaifiam, according to these authors, both the duloti 
ad permanently parasitic bebaviou: are to be derived. 
, Brun and I cnntend, however, that 
‘predatory behaviour of the type exhibited by Formcs 
‘sanguinea more probably cwpresents the intial wtuge and 
that the conciliatory, temporary and finaly abject, 
pemusnent paruaiteen represent satura ultenor develbp- 
‘ments of this violet, or aggresive relation between host 
sud puraste, This contention is supported, fst, by the 
(Gtonra considerations thet parasitouksm an parastsm 
‘re evidentiy derived from predatisen among a great many 
solstary inocts and thet this sequence obtains also among 
the myrmecophules, the soelal parasites among beet, und 
Adogenerata lave makers (0.5. Strongyiognathos), the ants 
which form eampomd nests, ele; and tenon by the 
sore special consideration that the queens of certam 
temporncy porastes, with large queen, eg, Formics 
‘fa, sometimes behave lice F. sanguénea when establish 
‘ng their coloases and thet the species with small queens, 
red or yellow colouration and trichomes, are obviously 
rived forms. 
‘The inet and. parasite relations above considered also 
bare an important bearing on Wasmamn’s ” amical 
seoction” ond “symphibe instincts". It mst be 
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mitted that the temporary and permanent paraites 
tnd a lest most of the culotic npn Strougyogmat, 
Polyergus, Harpagossana) behave ike eymphihe yrs 

‘pile, soe they Mexwise exploit the paloprogettive 
Trectvitin of the bovis aad exter into tropballctie 
Riations with them. We have seen that some of the 


workne, proves Unt therecaa bene hereditary tis 
development of symphilic instiscts o@ the part 
Ihost species. “As inthe cooe af the sxyrasecopbiks, 
peeakar adaptations, both structural and behaviourist, 
to particular boss, axe therefor initiated and developed 
tetirely by the socal paruite themselves and there it 


el 


‘Parasitiam among sobtary sects, other anumuls, or plants, 


‘CONCLUSION 


Jr the cmefotions reached in the peceding lectures are 
‘correct, it is pomsibla to slatch im rough outlines the 
probable come of evoiction of the traly eoclal insects 
‘belonging to the order Iaoptera and the suborder Aculeata 
among the Hymenoptera. Webave som that the former 
arose mong the Frotobisticids, possibly as early as 
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‘The evointion of the socal Acalasta exhibits a much 
mater diversification, inteasity and acceleration of 
Adaptive radiation. ‘We have traced them back to 
‘Bethyleld ensestors, which were derived from prunitive 
‘Terebrents, in turs desomnded from saknowa Phytophaga. 
‘The early Vespoids and Sphecolds presumably arowe amnong. 
the Bethylids, now x iaghly diversiied complex of small 
srchale forms. The bees, culminating in the socal 
‘ping oxrtainly bed Sphecoid ancestors and the social 
‘Vospidee und Formicidae may be safely ducived from 
primitive Vespolds. Here, too, as among the Isoptera, 
{he character ofthe food has boto a deternining factor in 
the evahitio, together with the initiative and Independ~ 
Stel sane toe te pra as oo 
pat * 
‘pecialized spermatheca, requunng only « single act 
Romeo at pening ang toca af nope 
in aliving condition. Te evoluizon of the Hymenoptera 
‘begins with forms like the Perasea Protohymenopters, 
Ascovered by Tllyard and related to our moders 
Mecoptera, a group which had muck greater evolutionary 
poteutilitins than the Protoblattoidea, and led to tbe 
leatand wood-eatmg Phytopbage. Sore of these, lke 
the Oryavid, became parastoléal and thus opened the 
‘way for the extraordinary efforesoence ofthe Terebrastia, 
All excapt w few famaos of which (Cynipide, certain 
haledeidea) have retained ectomopbagoss babits. Tbe 
Bethyioideo beve preserved esoentislly the sume habits, 
‘but some of the genera (Bethyhs, Scleroderma) became 
‘more plastic and extublisbed more ictumate relations 
Yotwonn the mother and ber offspring. The peimutive 
‘Vespoids and Sphecorls exhibit practically the same 
behaviour as the Bethylosds, bot with the increase in the 
‘mumber af Gowering plan's Guring the Cretaceous, ome 
of the groups (Ape, Maserine) became excunivay, 
others (dating the adult stage) partially axthophilons. 
‘Mont of the ants, arising aloo from Vespeid (Tiphiid o 
‘Scoli) ancestors, are stil eatamopbegoas, but masy of 
‘he geoera bawe Become iocreasingly vegetarian. 
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Tt is interesting to uote that the changes of regimen 
‘which ave cocurred during the course of Acilsate 
cvolution, appear frst im the adalt female and are Inter 
‘munslered t the larva. Tas emeng the Poytophaga, 
both adults and young live on relatively coarse vegetable 
food (leaves and wood), but the adults of some 
‘Tenthredinide bave become eatomopbegous. Inthe 
(Oryasidee and Terebrantia this babit has also been acquired 
by the larva, Among the Veopoids and Sphoooids the 
adits have beoama mave or las nectarvoroos, whereas 
tn bees and moet Masarina the larva as walla the adults 
feed exhusivaly on cactar and poll. The aula, 03 
‘previously mentionad, abow a similar tendency, Without 
doubt the eating of Becta, seeds, fungi and honeydew, 
en of coun, sort ple fin shy aod 
bby passing through the mtestines of Aphids, Coo, etc. 

‘was origioaly confined to the adult ants, Bat some 
grnvorois abo feed their lnrve on weeds, and 
‘he lave of all the myoetophagous species heve the same 
diet as the adults. An interesting observation com- 
smremicated to me by Mr. W. F. Fiske isdicates that even 
‘the habit of feeding oa the saccharine excrement of 
‘Homoptera may be it process of being transfered to the 
larva.” Some years ago in British Bast Atrio he obeerved 
ante caxrying their larva out of the nest and up a tree 
tran to the folisge whece they held them with their 
‘mouths to thenal oriom of plat Kee in order that they 
might imbibe the honeydew! As Mr. Fiske is a very 
rmmpetent entomologist, Ihave no doult of the aceuracy 
of bis observation, though I regret that be failed to 
reserve specimens ofthe ants, which woud have enabled 
Us to identity the spodes and to reinvestigate their 
astonishing bebeviour more readily. 

‘Not the laut intersting Teslt of onr evolutionary 
study i the contusion tha! essentially the same type of 
‘social organization and behaviour has been independently 
Attained by at lant a daa dflerent groupe of insects. 
‘Pastas there is no more striking exemple in the atizal 
Kingiom of what is called “ convergent "or “ paral” 
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Gevelopminet. Moreover, the verions cuanifestations of 
‘he societal type have been arrested in thar phylogeny 
at vory different stages and theres every reason 0 Suppose 
‘hat the arrests are partly due to 4 stalihration or 
standardisation of the enviromental conditions and partly 
ton concomitant constitetional standerdiztion of 
‘capacity ‘or further development on the part of the 
ingects themaelves, Even the highest and most specahzed 
forms (ant, termites, honeybees) present the appearance 
of having ‘eo wgo completed ther evointon. The 
armation of pow ‘verses and eabxpocen is probably 
Stil slowly proocoding, but these are feeble wclations 
‘which do aot involve sigaiScant deviations in the eovential 
atures ofthe socal 

a former jectures I occasionally indulged in com- 
[parsons of the socal usscts with man and Tebotld ko 
{o devote a considerable portion ofthis lectare to & more 
wera eflort fa the seme direction. This isnot, fn ay 
opinion, a futile undertaking, although st can have 
‘theoretical interest. Of cour, iasumerable 
fons have bac. ade rom ‘al crs f tins, both 
seroes and satincal and often oo the bans of inad 
(oF erroneous conoepbocs of the peoakanties of 
fnsect and human societies. On the whale, the rests 
‘bave been so unzatiaiactory that the eocichoguts Dave 
‘turned from thea with Gidaio, But although i unt Be 
Granted that, owing to his very pecabr etructure, 
fexdowmest sod behaviour, mou cam from the social 
‘Insects learn nothing that might be applied with advantage 
to the solution of Bis intricate socal problams, it must be 
‘ecoembere! that he wil never cease to bean animal and 





‘importance of animal societies in hit own stodies, the 
‘Diologit, who must always regard man ax a Primate, is 
ecfectly justified in considering bis societies ax animal 
‘sodletiee. And the soclologiet has theless reason to objent 





a complicated and mobile chavacter that each individual 
s cinmltaneously a functional member of several groups. 
Ferritre therefore declines to regard human society a3 an 


organismal is a dynamic sease. He seems to obscure the 
problem, howsver, by neglecting in give a currect estimate 





definite 
structore and ontogexy and consisting of polymorpbis, 
‘mutually depeodeat elements, They may therfore be 
called superorganisms and constitute a very intermting 

Metascon and 
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sobilty and are spatialy iol, whereas the histo 
logical elements of the organiom ere fed and. 

inpehape not as sigint as they imagine. The Blood. 
cas ore abo 2 part of the orpuism end the dintancaa 
sepurating the tsave elements ae wlativa. Eves the 
ls, serum, lymph, ot, are mass of electrons separated 
Uy distances so tnormeca tha ifthe human body could 
be compressed tillallits electrons were in contact with ane 
anoeber, it would have a total bulk of ouly afew cubic 
‘millimeter. The interrdationahipe, of what Leppean 





lncreasingly concentrating tie attention 
{) The distinctive characteristic of social life bas been 
Aiflerently conceived by different woiologists: to Herbert 
Spence it is “ coBperation” among the members, to 
Tonle (1921) theke “imitation of ome another, to 
Durkheim (192) their “ constraint“, 
(4943) their “ socommalative sctivities' biedly 
all hese characteristics, uo comspicovas in human socetes, 
‘an ako be detected arnong wasp boss, and termite, 
Tiitation and rentraiat, unless they be taken i the vente 
‘of biological dependence, are lest obvious, but cobperotion 
aod especully uccomulitiog, as sbown ix the boerding 
‘of foods, the prebmpting of territory. Le. the trophoporke 
eld with its droves of Aphids, Cocckds, ete, the ieraaee 
af the brood and seqikiton of myrmecophilas,termito- 
‘Piles, and myrmecopiytes, tbe comstraction of the nest, 
ste.,are unmistalable. This veey aocoxulatinn, follow 
fog maturally a9 it does from the actinties of aimeroon 
comsociated individoals and eeding to o ion oF 
‘overacumlation, is of basic importance in all social ie, 
au suggested by De Grange nnd also by Le Dantes (0518). 
‘According to the latter: “The only general forme 
spplicable to all assnciations, no matter what they are, 
the follawing: in omier that the association zany 
rerio, every associate must derive from the assoclation 
‘compensating advantages and even eoch as more thin 











the abou ofthe wn. which clone i cpab of 
nvaring the Be of the agglozeatioa. It is mainly in 





‘auto-iotoxioaied with ts sccumnlations, only war ar 
revolution can break the crost of socis| deposits and furnit 
sn opportunity for farther advance, Such oofortunate 
methods wit probably remain oar sole rascurce till we 
scquire ruficiet Knowleige and oourge ruthinuly to 
“Seup", sa we aay in Ameria, a lot of our mocial 
inbertiances, traditions and Sabiis—till we dectine to 
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sccord ta the aged, whose only desire into “ sie tght ”, 
0 undae preponderance in our air end torn them over 
(o the young. who have atleast « love of novelty und 
‘experimentation, Ta put it “rut, nog verte of sana 
phrusa", oar political bodies, universities, acadunie, 
ehmrches and other institstions contain far too many 
old iscomapetents, aad as Gorthe said to Eclermann, cur 
State fonerala donot sooceed oe ancther with suficent 
frequency. And the conditions besoze the more intoler- 
able, the more edvacriog medical scence prolongs kuna, 
Me and increases the population i general and the 
aanber of oki fools ia purtcalaz How diflereatiy the 
protien ls solved by the social fowcts! When tha 
‘colony has reached the acrze of ts accemalations ft senda 
Se heh youre tries of ew ci, St 
(the nate Metazoan , 
{Dts et bei fo mccambh modert rcgeation and 
ood cosmic manners. Ths method, ofcourse, does not 
fake for rapid and exceasive phylogentic ccauauation, 





umber of mew adaptations as they art requited by the 
‘very gradually changing environment. 


‘they incline too much towards reproduction, « conclusion 
‘which should ple the advocates of Brth-cnirol 

(4) The extruordioary deployment of reroduction in 
‘the insect society bas led directly to the development of 
‘lates nd polymorph, troogh afew fertDeindividials, 
the queen, specializing in the production of eggs, wile 
‘the eexually poorly endowed majority, the worker, 
specateed fa providing the necomary food and accom: 
‘odetions for the young. Tn proc specie thon later 
functions are vo exacting that a farther arte, the aldirs, 
aay be developed to take over the deeace ofthe society 
fax whole or to perform other daties which canaet be 
adequately performed by the forging and marsing 
‘workers. These varios ditfereatitions wre 90 acest 
{Sod have become 20 rigdly establsbel, at lat in the 
Higher socal insects (ante and termites), that the specific 


rola or environmental medium changes, is obvious, but 
{his true fal ree napaten eve, hen they are 
of « Lind to which we sever think of applying the tems 
“degeaenttive”™ or” confusion 
aries ots out ineradicale ‘tnd our 
constant occupation with " values”, especially in every~ 
thing that relates to lite and death, Probably the best 
may cat of the ditculty is t avoid mck terms on 
“degenerative” and to suploy fastead such nectr 

Sptive expraclons a8 " atrophic”, ~ bypertrophia” 
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jachude not only much traits xs the greater explication 
cf the wing-eantion acd ‘mouthparts inthe socal 
‘a compared “with the soktary bees, the ptery, 
‘lerophthalmy, slmpliscaticn of the thorax, genitalia, 
tc, of the workers and soldier as compared ‘with the 
epmductive forms in ants and termites, ax we pa from 
the primitive species with mmall to the bighly specialized 
species with very popoloon colonies The teal nga 
increaring)y repreacve alterations during ¢ 

‘dul if of the saroal forms, and epecial of thequera, 
‘which represents the complete or perfect type of the 
‘in pearly all social insects, “The observations of 
imgren (1905) and woo Rowen (xp132) on termites are 
particularly istroctive in this comection, ‘The former 
form that inold queens the braia shrinks totwo-thinlsofita 
cociginl ize and that this shrinkage, which oocurs within 
few days after the colony 1s estabiohed, in due largely 








RL. & 
i 





Ee 
a 
a 
ine 
Tt 
flee 
ia 


other traits. Thus in the queens of the koneybee sud 
parasitic ants the brain, even during the pupal stage Is 
Jens developed than that of the worker and in the honeybee 





{ype of the species and extibting tte etrphy, exon 
12 'is gmtala, svetblers above gpm bebvicer 
in ity dependesca on the preeaor of other worker, 
‘According to von Buttel-Recpen (2905), abe desta a few 
hhours, when islated from the cology, although a worker 
tant may be lept alive i lsolation for six month (Mis 
Fekle, 1902, p $90). Whex the tecsperstare sis below 


enongs 
the Koueybee only in the degree of their dependence oa. 
their sisters, 

‘Holmgren finds that the termites ax a whole have a 





‘expect 
toa degenecation ofits participants, since natural selection 
bould biog about not the higher diferentiation of the 
individuals but only that of the colonies. Since, in all 
probability, the differentiation of the castes is @ result 
Of sorial Ife and the division of labour, in a!1 Hketbood, 
‘the immodicte cause of ceste differentiation, the 
degenerative effects of socal hfe might be attributed to the 
‘ever increasing division of lebour and caste diferentiation. 
On the whole, thersfore, we might postulate a regre:svre 

‘im the temaites”. A comprehensive view 


‘combats, with the dependence of Foche and Pershing on. 
‘hele armies and the remainder of society during the recent 
‘war. Nofuture Homer will describe these highly clvilieed 
tienen as challenging, Hndenbery or Landenect 

‘ingle combat in onder to decide the outoume 
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of @ battle. The single iangeeyed Myrmecia workar 


dependence on te laws en publi opinisa, 
‘Tavoluiouary efects of ‘social ule 
Jndivldal hav. log bars ote! a tt 
time are the subjects of much sclentiSe and Msorioal 
Sterature just as they were daring the latter portuz of 
the eighteenth ceatary. Testy of Leon (toes) Martin 
(toa), McDougall (1420), Freud {292%}, and others of the 
Iehaviope of those temporary anociatons, knows 2s 
‘rome and mobs, bas brought flight distinct repressive 
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™ THE SOCIAL INSECTS 
‘exaggerated form the tendencies that are present in a 
‘roate but les obviows fare in the amesses and groups 
of society as 








‘Aceneding to Dide end Juppont (2944) “a consideration 
‘calculated to excite bomen bumilty forces itself ypom us, 
‘The mnbordiaate forms of copsciousras, closely connected 
‘with instinct, still remaan vibrant with formative exergy, 
‘while the cognitive functions, though of more recent 
‘origin, not only seeca to have completed their evolution, 


CONCLUSION a 
Ihe hag bees able to note, in works stl anpublishe, the 
constancy of amitotic divisions im the cell of the 
sympathetic, which 1 the organ of the viscera functions, 
‘Theas facts, which are D0 longer open to dlscussion, lave 
lutle doubt concerning the future destinies of the meperioe 
Witold aca 

Accoraing to Boas (1924), ” when forming out jdganeat 
of tie significance of racial difterenoes, we cust remember 
‘that the race of man may not be compared wth wid 
forms of aninoal life, but that mam is tbe okest 





Ihnir, are traits of domestication. So are the reduction 
vf the size of the face and the increase in its Iength. 
Permanence of the female breast, eaomeliss in sexoni 








peculine 
4s “Smpoaed on & certain portion of society im order to 
obtain a certain extra guia whereby all prot", And he 
‘amclodes he chapter on metaphrenia with the following. 
statement : “The subhmations ad reaction Sormations 
of the social human being follow the mechanisms of tbe 
obsessional neuroses (there 1 bere at ngreemeat of the 
‘mora, logical, and esthetic compulkion with that of tbe 
curve). They also tend to the return of repressed 
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‘Uaea there comes about 1 limitation of the msefal effect 
‘through the retam of the eapressed zuaterial in disguised 
‘form, and 4 breaking throagh of forbidden things im war 


paunge Sucka woul mvt or “solimaton 
‘ako 45 to the social invects, But domestication 
is closely akin to parasitica. The difterence betworu the 





‘compared with its own feeble contributions, is 20 enormous 
‘as to be in many respects camparable with the difference 
‘between host and parasite. Cocsequentiy the regressive 
‘meatal and physical traits of the individual cosemble 
those of parasites, ax we set in our domesticated animals. 
‘But domestication produces opposite effects im diflermat 
forganiams. In some it produces sterility, whereas in 
others it entails etrophy of the organs of relation (sensory 
ead neuromuscular system) and hypertrophy of the 
gonads, alimentary caral and other viscera. In the 
social insects both effects may be observed, the former in 
‘he workers and to saaue degree in the soldiers, the latter 
in the queens, There are ebvions analogies in buman 
society. This ambivalent effect of domestication hat 
‘bem obscured, so far ax domextic animals nre concerned, 
‘by the fact thet man conld salect and retain only fertile 
speci, und 20 far a8 plants are concerned, by the fact 


‘that they can be sexsally, 
(6, De aetwidactiog al he tvelationary trv 
‘tht bave been cited as charactericing thesocilindividoal, 
it samt de admitted that socetion ws wholes are very 
‘Powerful ageuts as compared with any solitary, ou s0cil, 
‘rguniscs, The only dangerous rivals of vocal species, 
‘theretore, are other social species. They constitute, in 
fac, the most virulent forces io the fans, since they are 
‘0 devtractive ether as predator or as competitors, not 
‘nly to the solitary speciee i their environment but to 
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environmental factors, to lead eventually to the exter 
‘mination of the solitary und the survival of a few very 
powerful and prolific social species. It is scarcaly 
‘necessary to call attention to the bebaviour of civilized 
emu in this connection. Having extermineted newly 
all the peimitive human societies and nearly all the 
‘Mammalia, exeept the tew he has bees able to dommestioate, 





believe that human soceties di from the eects of 
‘culture and intermecioe wars. They merely retum 
teach great eflormemee to dormant, Fellahin oan- 
ike these of the Exyptuns, Coinese and the 
cof the Dark Ages in Europe, for nothiag short of 
‘catastrophe can exterminate the hasan race, 
societies are more be single onganiscs in that they 
‘Vnlortunately our Knowledge of tha duration, 
ectine and extinction of their perennial societies is not 
a peecso at we could wiah. We know, af courve, the 
conditions in the waspe, humblebeet and Halici of 
temperate regioos, where the colonies exist for only ah 


re 


i 


na 


‘ertiived queen, must end soon afterherdeath. In soma 
of our species abe is kecwn to live at least fifteen yours 
‘apd this, ance the workers are short-lived (three to four 
(year), would be aboat the iength of the colony’ life. 
‘Bot when fertilized daughters of the queen are adopted 
‘rom year to year by the colony, it may ive much longer— 
‘to ari age of forty or Bfty years or pechaps more, Eut in 
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regard to this matter and tha langerty of termite olonies- 
‘our kaowloige is meagre. Since. weve, the le of the 
species docs ot depend on the is of the single calzny, 
‘tnether und more obecure problem ie suagerted by the 
‘question ab to law the space of vocal insects become 
eatinet, ‘Their colonies, ts we bave sea, are 20 much 
amore powesful und persistent than individual orgunseoy 
fd through thelr wide dloperal so dificult to destroy 
sven by Iasper animals (birds, touds, anteaters, ote.) oF 
bby merely eal or temporary cllmate conaitions, hat the 
cxtermination of the species of social insects mount be de 
to other canses. ‘That it hus oceured repeated during 
‘Fological time io certain, and that i is sulting place 
ES highty probable, In boreal and temperate regions, no 
doubt, the severest elects aze produced on wasp and 
Tnumblebee colonies by adverse cSmatic condition, 
Concerning the cause of extinction among the Vespa, 
‘Apine and Metponine: of tse tropics we know nothing, 
‘hough thei colonies wre mach fewer = urber then those 
ofthe ants and tarmskes. Their growth and decay are 
‘probably regulated by the available nace! end pent foods, 
‘The Dorylne ants are oxtainiy formidable enemies ofthe 
wasps. The greatest enemies ofthe termites are the ants 
and of the ants other ants, and undoubiedly civiluad 
‘man is the moet implacable enemy of both of ese groups 
‘of social insects. The abundance of specica and survival 
‘of many prisitive types m the poctions of the East 
Tadian, Atstralian and Neotropical regions that Dave 
‘emamed untouched by cviiced man sbows that in these 
placer a neatly perfect biocornotic belance has been 
Peay ah al wherever be sting the aloe 





of the land of 

agentur Tapia ood th itmducion of tonign 

‘abivated planta anf domesticated animal is roving tobe 
the most scious factor in the extermination of nt ond 
texmites. "Tha efots of civilisation are Uueretore in great 
‘measure indirect. This is apparent i= North Ametot, 
‘where ll the more primitive ats, Eke tht Ponsrinm, 
‘which forages have been adjasted to very precise edaphic 
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and other conditions, ae reply disappearing. Only the 
‘more plas and adaptable catlve Myrmicioe and 
‘Formicinn manage to sarvive inthe settled areas and with 
‘te nerease fn the celty of aman popelation ty. oo, 
ary tending to disappear. In the topics an even inom 
Tap extermination i due to certain extremely proliie 
‘5 adapeabie species of ants, which aeaetolivecvanoa, 
Sips and have therfore bees transported te all pts of 
‘the world where they quickly take possession of such 
aceay as have e waa aaa! terperature Hee hat oftheir 
Cnginal abit. Two of these specie, the Myrmicine 
Pheidole megecephaia and the Dolichoderme Iridomyrmex. 
aos, aay be biel considered. 
tn aalaguoat Geese Kas ta grat ster at 
me pretest maniber of 
set und ciled species on tat Siz ‘Within the 
past contiry thas been carci to all parts of te tropes 
and exterminates the native ant ¢auna wherever man has 
the way for its conquests by destroying the 
alive vegetation and introducing extensive cultorea of 
forngn plants. The letter soon become miested with 
lnrects nd expecally Coccts, which are favowsite wards 
of megacephaia. Heer showed that by z8sa this ant had 
‘aka complete posonaion of the aad of Madeira. Tt 
thas ako extermstated all or nearly al the ants on some 
‘of the West Indian Islands, motably Bermuda, the 
Badatias, St Thomas aad Coletta, near Porto Rlen, 
tnd har cade conmderable peogre in Cabs und Hawai! 
Ta larger area, especally om the contents 8 progress 
ia ower, because the same is true of ts advance ageat, 
‘dvilied ‘an. Several years ago I was able to witness 
its gradual invasion along the casters coast of Antralia 
where st widely separated pointe the Betsh colonists 
fave founded 4 number of townn. PB, mapeccphals, 
‘brought by commerce to there settments, if at first 
confined to their streets and gardens, completely replaces 
he ative ant favcs, estabGaben fin acsa everywhere 
about the rots of the trees and pastures Coos on thet 
‘atk and fokage. On procending ‘sland a short disance 
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to 4 some wbkh is being cleared end brought umdee 


witnesed the destrection of « colony of the supe’ 
Podewprma fomovala, a large, rather stolid ant, which 
lives in butows in the hard wood of standing trees, 
‘These ants were quite unable to defend themselves aguinat 
the boedes of mionte Pheliola workers. The colony way 
completely destroyed, the larve and adults Killed and 





a largebeaded soldier caste with powerful mandibles. 
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